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COME years fince I publiſhed a complete Treatiſe . . 
on Menſuration, both in Theory and Practice; 
in which the Elements of that Science are demon- 
ſtrated, and the Rules applied to the various practi- 
cal purpoſes of life. 'That work has been well re- 
ceived by the Public, and honoured with the high 
approbation of the more learned Mathematicians. 
It has, however, been often repreſented to me, by 
Tutors and others, that the great ſize and price of 
that work, as well as the very ſcientific manner in 
Which it is formed, prevent it from being ſo gene- 
rally uſeful in ſchools, and to practical meaſurers, as 
a more compendious and familiar. little book might 
be, which they could put into the hands of their pu- 
pils, as a work containing all. the practical rules of 
that art, in a form proper for them to copy from, and 
unmixed with ſuch geometrical and hs ab de- 
monſtrations as occur in the large work. 200 
In compliance, therefore, with ſuch repreſenta- 
tions, I have drawn up this Compendium of Menſu- 
ration, Practical Geometry, and Arithmetic, expreſsly 
with the view of accommodating it to practical mat- 
ters, and to the uſe of ſchools. I have, therefore 
here brought together all the moſt uſeful rules an 
. precepts; U arranged them in an orderly manner, 
proper for the pupil to copy; and delivered them in 
plain and familiar language. An example, worked 
out at full length, is ſet down to each rule, together 
with drawings or repreſentations of the geometrical 
figures proper to illuſtrate each problem; and then 
are ſubjoined ſome more queſtions to each rule, as 
examples propoſed for the practice of the learner, 
C,, li with 


with the anſwer ſet down, by which he may know 
wen his work is right.  _ 5 | 
The Introduction to Decimal and Duodecimal 
Arithmetic, will be found uſeful, by going over thoſe 
branches before entering on the Menfuration, that 
the learner may be very ready and expert in nume- 
ral calculations. CC ; 
The Practical Geometry contains a great number 
of geometrical conſtructions and operations; by the 
practice of which the learner will acquire the free 
and eaſy uſe of his inſtruments, and ſo become pre- 
pared for making the drawings that are uſeful for 
illuſtrating the various branches of menſuration fol- 
lowing. (( ge s. WA oo RG | 
The Menſuration itſelf next ſucceeds, and is di- 
vided into various parts; firſt, Menſuration in gene- 
ral, and then as applied to the ſeveral practical uſes 
in life. The whole being arranged in ſuch order 
as the learner may properly take in ſucceſſion; or 
diſtinguiſhed into ſeveral branches, of which he may 

| Tele and ſtudy any peculiar ones that may be more 
- to his purpoſe than the reſt, when he either has not 
leiſure or inducement to go over the whole in a re- 
gular gradation. And notwithſtanding the compen- 
dious ſize of the book, and the great number of prac- 
tical branches here treated, it will be found that each 
one is much 'more full and complete than the firſt 
appearance of ſo ſmall a form may promiſe to admit 
of! However, if farther ſatisfaction be deſired by 
any one, either concerning the ſcience in general, or 
the demonſtrations of the rules, or the more curious 
and ccpious diſplay of properties, he may apply to 
my large treatiſe before mentioned, where he will 
find every part delivered in the moſt ample form. 
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ARITHMETIC. 


ECIMAL Fractions 
Addition of Decimals 
Subtraction of Decimals 
Multiplication of Decimals 
Ivifion of Decimals 
Reduction of Decimals 
Circulating Decimals _ 
Reduction of Repetends 
Addition of Repetends 
Subtraction of Repetends _ 
Multiplication of Repetends 
Diviſion of Ai" i 
' Involution, or Raiſing of Powers 
volution, or Extraction of Roots 
o extract the Square Root 


Ditto of Vulgar Fractions or Mixt Numbers | 


To find a Mean Proportional 

To extract the Cube Root 

To find two Mean Proportionals 

To extract any Root whatever 
Duodecimals, or Croſs Multiplication 
Table of Square Roots 
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Ditto of Vulgar Fractions or Mixt Numbers 
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DECIMAL FRACTIONS. 
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| AN is 4 action whoſe denominator is an 


unit, or 1, with Jones Tags o os ciphers a AnNeX= 


ed; as r or 18 · 
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Decimals are written 3 ne their Fee 


tors, the numerators being ſo diſtinguiſhed as to ſhew 


what the denominators are; which is, done, by-ſeparat- 


ing, by a point, ſo many of the right-hand figures from 


reſt as there are ciphers. in the denominator; the 
figures on the left ſide of the point being tende aud 


tn on the right prone. 
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Thus, o's is under cd whe 5 or 2 
- And - ˙25 . or- 2 
And 75 is 'Y 
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Notation. * 5 


2 INTRODUCTION. 


. 80, 2 is 1788 or oF 
And *0015 is 8b er ee 
So that the denominator of a decimal is a 1, with as 
many ciphers as there are figures in the decimal. 


A finite decimal, is that which ends at a certain num- 


per of places. But an infinite decimal, that which no 


where ends, but is underſtood to be indefinitely con- 
tinu de. 4) DC 
A repeating decimal, has one figure, or ſeveral figures 


continually repeated. As 20 · 2433 &c. which is a ſingle 
or ſimple repetend. And 202424 &c. or 20· 246245 8c. 


Which are compound repetends; and are otherwiſe cal- 


led circulates, or circulating decimals. A point is ſet 
over a fingle repetend, and a F firſt and laſt 


figures of a circulating decimal. 


The firſt lace, next after the decimal mark, is roth 


parts, the ſecond is 100th parts, the third is 1000th 
parts, and ſo on, decreaſing towards the right by 1oths, 


or increaſing towards the left by roths, the ſame as whole 
or integer numbers do. As in the following Scale of 
CCC RT OR £3 10075 


4 ; Ke” 
So 1 
8 283 
2 838 
n 8328833324 
888 S 538288 | 
S 8:0 a © © v Sz = 8 
R.- 283238338288 
2 S8 8 2888S 882 
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Ciphers 
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iphers on the right of decimals do 1 not alter their 
value. 


For . „ that is Z 
And 50 or 800 that is 4 
And +500 or 1 that is £ 
\ n are all of equal value. 


But ciphers before decimal figures, and after the ſe- 
parating point, diminiſh their_ value in a ten-fold pro- 


portion for "Or cipher. 
$0, i 1 5 18 a 15 or 2 
But oog is x35 or 20 


And o, is dοντα or 28 


And io. on. 


So that, in any mixed or fractional . if uy 
Hr g point be moved 


one 5 two , three , "he, places to the right-hand, 
DO. every figure will be 


10, 100 „ 1000, &c, times greater than before. 


But if the point be moved towards the left hand, then 
every figure will be diminiſhed in the ſame manner, or 
the whole * vi Ip divided * 
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„ 10 10 & c. 
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ADDIT 10 N' op DEC IMAL 8. 


SET the numbers under each other an to the 


value of their places, as in whole numbers, or ſo that 


the decimal points ſtand directly below each other. 


Then add as in whole numbers, placing the decimal 


N in the rad. fins ow the Ry age ; 


EXAMPLES, 


TO Er e 4) 


_ „did; 
„„ Bs. | TIT 00110 

72014“ 30142 41950 
e „ e 
30322 6˙72819 9739˙215 
22142998 63014 r 
79993˙411 81310353 14500%g741 


Ex. 4. What is Vi dum of 514, -g816, 37 
15914, 72913, and +0047? 1. , 
Ex. 5. What is the ſum of 270, b 9973 14016, 
_204306,\*7138, and 2 TTT 
Ex. 6. Required the ſum of 312 984; 21-3918, $ 
2790'42z 3'1 53% 21 * ee 5 
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SUBTRACTION: or DECIMALS. 


ser the leſs number under the greater in the fame 
manner as in addition. Then ſubtract as in whole num- 
bers, and place . the decimal point in the remainder 
Moe below the other PR. 


E XAML ES. 


5 43k HM 64 667 


From 9173 273 214˙81 | 
take 2138 19185 490142 
rem. 7035 o'8115 20990858 


8 . 2 * 


Ex, 4. What is the difference between 91. 115 and 


* 
4 5. What is the difference between 2714 and 
9 


6 What i is the Gert between 16 37 and 
n | 


MULTIPLICATION or | DECIMALS. 


Sar down the factors * ack alike, and niultiply ; 
them as in whole numbers, and from the product, to- 
wards the right hand, point off as many figures for 


rden as there are decimal en ee 
8e 0 
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But if there be not as many figures in the product as 
there ought to be decimals, prefix the proper number 
of <iphers to ſupply the defect. . IT 


EXAMP L. E . | 
(1) 0 Ex) 
$20*3 9178 7 
417 8 0431 
36421 9178 217 
23 73424 691 
20812 27534 868 
216˙9661 34˙96818 093527 0 


— 3. od 


Ex. 4. What is the product of 51*6and21? - 
Ex. 5. What is the product of 314 and 29? 
Ex. 6. What is the product of *051 and · oi? 

. Note, When decimals are to be multiplied by 10, 
or 100, or 1000, &c, that is by 1 with any number of 
Geber it is done by only moving the decimal point as 
many places farther to the right hand, as there are ci- 
| F in the {aid multiplier: ſubjoining ciphers if there 
not ſo many figures. 3 9 1 
. EXAMPLES. 

1. The product of 5153 and 10 is 513. 

2. The prod asc 5 and 100 is TM 
3. The product of 9163 and 1000 is 
4. The product of 21-31 and 10000 is 


- 


TT ES eren. 1 
When the product would contain ſeveral more de- 
 eimalsthan are neeeſſary for the purpoſe in hand, the 

work may be much contracted thus, retaining only the 

proper number of decimals „ l 
2 ; Ae | et 
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get the units figure of the multiplier wald under 
ſuch decimal place of the multiplicand as you intend the 
laſt of your product ſhall be, writing the other figures 
of the multiplier in an inverted order : then in multi- 
plying reject all the figures in the multiplicand which' 
are on the right of the figure you are multiplying 
by; ſetting the products down ſo, that their right-hand 
figures fall ſtraight below each other; and carrying to 
ſuch right-hand figures from the product of the two 
preceding figures in the multiplicand thus, viz, 1 from 
8 to 14, 2 from 15 to 24, 3 from 25 to 34, &c, inclu- 
vely; and the ſum of the lines will be the product to 
the number of decimals required, and will commonly 
be to he neareſt unit in the laſt figure. 


1 
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EXAMPLES, 


4; Maltiphy 27*14986 by 9241035, fo as to retain 
* four places of decimals 1 in che product. 


Contract. Common way. 
JJͥͤ —l 

%% 8 
24434974 213874930 

466295 5 81044958 

108599 271440986 

— | , So 

Bnet. $42997]2 - 
14 44348740 

2858 9280 #9 2558980450570 


%. 


5 Multiply 2 by #72416, 1 four | 


decimals in the 


Zo 9 3048 by 286, retainin five Fg 
decimals in X eas ct. 578266 5 


4. Multiply 3255501428 by 7218 retainin three 
decimals inthe prod 3 roduct. 4 x, * 1 


„ bi- 


8 INTRO DDVe T ION. 


DIVISION or DECIMALS. 


{ Divipz as in whole numbers. And to know how 
| many decimals to point off 1 in the quotient, obſerve the 
Os rules 
| There muſt be as many decimals. in” the dividend, | 
| as in both the diviſor and quotient together; therefore, 
| point off for decimals in the quotient, as many figures, 
. * =_ decimal Places i in _ dividend oe vie Arche 
Mm T. 6 
„„ "6 A-0e figures-i in the quotient are not ſo ate 
as Mo rule requires, arri the defect by prefixing 
_ ciphers. 
* If the decimal places i in, the diviſor be more-than 
thoſe in the dividend, add ciphers as decimals to the 
dividend, till the amber of decimals: in the dividend be 
equal to thoſe in the diviſor, and the quotient, will be 
integers till all theſe decimals are uſed. And in caſe of 
i a remainder after all the figures of the dividend are 
W | . . Uſed, and more figures are wanted 1 in the quotient, an- 
nnen ciphers, to the remainder, to continue the diviſion 
i | | as far as . | 
N 4. The firſt figure of the quotient, will poſſeſs the 
PEE. fame place, of integers or decimals, as that figure of 
the dividend which ſtands over the units * of the firſt 
ö product. ag * | | 


fe. 
| of 
TX 
* 3— e 4 —— * K Or nr 62 - 2h 


TE EXAMPLES, Y 
1. Divide 344.5056 by 4376. 2. Divide 3877875 by 675. 8 


5 C5 95776 wy 055 546. 75) 3871875009(5745900 | 
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0 Divide 0081892 by 347. 5. Divide 3*15 by 375. 
1 5 Divide 7˙13 by 18. 6. Divide 100% 215. 


CONTRACTIONS. 


F 1, If the diviſor be an integer with any number of 
ciphers at the end; cut them off, and remove the deci- 
mal point in the dividend ſo many places farther to the 
left as there were ciphers cut oft, prefixing ciphers if 
need be ; then proceed as before. 


EXAMPLES. 


1. Divide 953 5 by 21000. 2. Divide 41020 by 32000. | 


21*000 ) *953. 5 | 32*000 ) 41*020 
7.31765 hn 
04538 &c. 17281875 


Here 1 firſt divide by 3, and Here I firſt divide by 4, 
then by 7, beute 3 times and then by 8, becauſe 4 
7 38: 1 times 8 is 32. 


3. Divide 45's by 2170. 4. Divide 61 by 79000. 


2. Whence, if the diviſor be 1 with ciphers, the 
quotient will be the fame figures with the dividend, 
having the decimal point ſo many places farther to the 
left as 9 are ciphers 1 in the diviſor, +. 
EXAM PLES. 


2173 — 100 2*173 419 8 = 
is by 1000 = _ 1 by 1000 = 


— 


3. When the number of W in the er is 
great, the diviſion at large will be very troubleſome, but 
may be contracted thus 
Having, by the Ath general rule, found what place 

or: decamale or integers the firſt figure of the quotient 
Is i, B-g © will 
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will poſſeſs; conſider how many figures of the quotient 
will ſerve the preſent purpoſe; then take the ſame num- 
ber of the left-hand figures of the diviſor, and as many 
of the dividend figures as will contain them (leſs than 
10 times); by theſe find the firſt figure of the quo- 
tient ; and for each following figure divide the laſt re- 
mainder by the diviſor, wanting one figure to the right 
more than before, but obſerving what muſt be carried to 
the firſt product for ſuch omitted figures, as in the ſe- 
_ cond contraction of Multiplication ; and continue the 
operation till the diviſor is exhauſted. 5 
When there are not ſo many figures in the diviſor as 
are required to be in the quotient, begin the diviſion 
with all the figures as uſual, and continue it till the num- 
ber of figures in the diviſor and thoſe remaining to be 
found in the quotient be equal, after which uſe the con- 
traction. . I. ORG 
. 


E XAML Es. 


1. Divide 2508-92806 by 92*41035, fo as to have 
four decimals in the quotient. —In this caſe the quo- 


| 92*4103,5 ) 2508:928,06 ( 27:1498 
| 660721 , | | 
. 23049 « » | 
* 1385 . © © 
912 


„„ 


2. Divide 4109 ·23 51 by 230*409 ſo that the quo- 
tient may contain four decimals. * 3 
3. Divide 3710438 by 5712-96 that the quotient 
may contain five 9 e ht: 
4. Divide 913.08 by 21g7*2 that the quotient ma 


RE- 
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1 REDUCTION or DECIMALS. 


1. To reduce a vulgar tration to a decimal. - Divide 
the numerator, with as many decimal ciphers annexed, 
as may be neceſfary, by the denominator ; and the quo- 
tient will be the decimal ſought. 


. EXAMPLES, 

I. Reduce 37 to a decimal. 2. Reduce Ir to a decimal, 
9 ) 11000000 | R 
110 2171 „ 5) 0*20 
of010101 bee = 5 3) 004 

3 | | 0.01333 17 = 51 7 59 


Here divide ; 9 * 11, Here divide by 5, 5 and 3, 
becauſe 9 times 11 is 99. becauſe g x 5 X 3 2 75. 
And the decimal value of And the decimal value of 


35 is the circulate 01, FT * the ne 01 5 


60 e e ws 


A 5 4 5 2 44; 4 F = 125. 
458 3 4 3-16 7.404 4. ants. 2” 
5 A» . "3's. 2 N 4 
* ** 25 F = 142857 r = 
; Ih l , "oY 6 - 
„ 10 * 2 


So that whenever we meet with the repetend 37 
in any operation, we may ſubſtitute 4 for it; in like 


manner we may take + for 65 and Z for . 16, and 3 for 
75 and $ or 1 * % &. ok 
B 6 | Note, 
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Note, When a great many figures are required in the 
decimal, and the denominator of the given fraction. is a 
prime number greater than 11, the operation will be beſt 
performed as follows. ?!) OTE TOES, + + 
+» Suppeſe, for inſtance, I would find the reciprocal of 
the prime number 29, or the value of the fraction 2; in 
decimal numbers. I divide 1*000 by 29, in the common 
way, ſo far as to find two or three of the firſt figures, 
or till the remainder becomes a fingle figure, and then I 
aſſume the ſupplement to complete the quotient. Thus 
I ſhall have 2 = 040344825 for the complete quotient ; 
which equation if I multiply by the numerator 8, it will 
give 4 = 187 58423 or rather 2 = 276865. I ſub- 

itute this inſtead of the fraction in the firſt equation, 
and 1 ſhall have 7, = 0034482758655. Again 1 
multiply this equation by 6, and it will give & = 
© 02206896551 755, and then by ſubſtitution 45 =04034482 
75862068965 517,35. Again, I multiply this equation by 
7, and it becomes 2 = 0*2413793103448275862012, 
and then by ſubſtitution 25 = o. 0344827 5862008965517 
2413793103448275862035 ; where every operation will 
at leaſt double the number of figures found by the pre- 
ceding operation. And this will be an eaſy expedient for 
converting diviſion into multiplication in all cafes. For 
this reciprocal of the diyifor being thus found, it may 
be multiplied by the dividend. to produce the quotient, 


— 


II. To reduce a Decimal to a Vulgar Fraction. 


Under the figures of the given decimal write its pro- 
per denominator ; which fraction, abbreviated as much as 
it can be, will be the vulgar fraction ſought, 


my „„ 
k F 


DECIMAL S. 13 
4 EXAMPLES, 
80 5 = HF = x 
And 25 = 17 == 2 
„ =: os = +4 
As = 4 =: 4 
And-625 = e = +Þ$. 
Ae = 10050 = f 
I. To find the Value of a Decimal, ir in the Lower 


Denominations. 


Multiply the given decimal by the number of parts in 
the next lower denomination ; from the product cut off 
as many decimals as are in the given number. 


Multiply theſe by the parts in the next lower denomi- 


nation again, cutting off the ſame number of decimals as 
before. 


And 3 in the ſame manner to the loweſt deno- 
mination: then the ſeveral integer parts cut off on the 
left hand will give the e of the decimal propoſed. 


EXAMPLES. | 


=o - Fort the e value of el. For the value of 
BIS pick --. -*2139lb; avoir, 


3914. 22139 
16 
8 7. 8280 3 1 E 2 12834 
#7 98. * „ee Ph 
35 — ' HY — 4 
d 9.9360 OZ 3˙4324 
$4; Wa r 
; —ů—— 1 — —— 5 
q 3'7449 | ar 67584 85 
: | Anſ. 75 9id 755 Anſ. 3 oz 6 dr 
„ „ „„ OTERM 


— 


. 
2 


E:: an AGEL Hora Tin genre, 


ee 


1 
| 
r CIA ay Re TOY OE SPITE 
OBE Get Fe. waived 1h ine b eo wt AVE PIE — > TS 


— 
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* OTHER EXAMPLES. 


| a kn 4 
Dueftions, _ Anfevers, 
„„ 168 6d 
Fo — 6258 0 7 d 
3. — 86351 2 3d 
4. — 0125 lb troy 3 dwts 
6. — i to e 8 1881 
6. — 625 0 ꝗ]]ẽ 2 r 14lb 
7. — 000943 mile 17d if 6 in almoſt 
8. — 6875 yd clotù 2 qu 3 ul. | 
g. — 3375 aer ROI 0, 155 
10. — 2083 hhd wine | 
11. 40025 qr corn | IG 
f 12. — 17 r 4 ik Þ Ee 


IV. To bring Quantities to Decimals of ant De- 


nominations. . 


| ee; 
CASE ou 


11 a ſingle integer or decimal de propoſed, reduce it 
to the higher denomination, by . as in reduction | 
of whole numbers. 1 


e 


1. Reduce 9d . de- 2. Reduce 1dwt to the 
cimal of a pound, decimal of a lb. 


249d a Te 20] 1 dwt 
5 0˙758 | 12 | O*'Q5 OZ 


Anſ. 403751 Anſ. o · oog 0 lb 


1 


- : 


; Dueſtions * 


DBCIMALS, - "ol 


Queſtions, Aaſiwers. 
3. Reduce *26d tolfterl - bd 0070831 
4+ Reduce 7 drams to lb avoirxd 202734375 lb 
5+ Reduce 2.15 lb toacwt - » 519796 cwt 
6. Reduce 24 yds to a mile *013636 mile 
7. Reduce 056 pole to an acre = *00035 acre 
8. Reduce 1*2 pint to hd wine 00238 hd 
9. Reduce 14 min to a day - 09722 day 
10. Reduce 21 pint to a peck 293125 peck 


CASTE It. 


A compound number may be reduced to a ſuperior 


name by reducing each of its parts, and taking the fum 
of the decimals ; the beſt way to do which is thus: 

| Write the given numbers under each other, proceedin 

. orderly, from the leaſt to the greateſt name, for divi- 
dends ; draw a perpendicular line on the left of theſe, and 
on the left of it write oppoſite to each dividend ſuch a 
number, for a diviſor, as will reduce it to the next ſy- 
perior name; then begin with the 1 diviſion, and 
affix the quotient of each to the next dividend, as a de- 
eimal part of it, before it be divided, and the laſt ſum 
will be the anſwer. | tien 


"EXAMPLE $. „ 
1. Reduce 3] 128 64d to 2. Reduce 5 oz 12 dwt 16 gr 


P 


the denomination of l. to the denom. of lb. 
4 3 1 | | | . 24 16 : ES 
11 Gore | 20 | 12:66, 1 
20 | r255bag 12 5'633 
Anſ, | 628125 Anſ. | 0:4694 15 
14 Cr” _ Dueſtions 
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Queſtions, | 1 «wad wers. 
3. r 9117s 33d to! 41986354161 
4. Reduce 158 6dtol! . 
. Reduce 72 d to a ſhil 6258 
Reduce 3 cwt 2 qr els to ewt - 3*625 c. t 
7. Reduce 17 yd 1ft 6 in to a mile 889505 18 mil 
8. Reduce 2 qr 3 nls to a yard „6875 d 


Reduce 13 ac f r 14 pol to acres 13337 5 acr 
£ Reduce _ gal 1 pint to hd wine +2085 hd 


11. Reduce 3 buſh 1 pec to a T1 40625 qr 


err Any I we sagte mon | 3'42857 i mon 


CIRCULATING DECIMALS. 


I has already been obſerved, that when an finite 
Jing repeats always one figure, it is a ſingle repetend; 
and when more than one, à compound repetend, or a 
eirculate; alſo that a point is ſet over a ſingle repetend, 
and a point over the firſt and laſt figures of a circulate. 


It may farther. be, obſerved, that when other decimal 


figures precede a repetend, in any number, 1s ls called a 
mixed number or quantity, as 23, or 104 23 other. : 


_ wile it isa pure repetend, as 3 and · 12 3. 


Similar repetends begin at the fame place, and conſiſt 
of the ſame number of ſures : as g and 6, or 1* 34. 


and 2 156. 


Diſſimilar We begin at different places, and con- 


| fiſt of an unequal number of figures, 


Similar and conterminous repetends begin and end 


RE- 


EEPELTEND Þ 


REDUCTION or REPEATING DECIMALS. 
| c A: Is 
To redyee a Single Reed to a Vulgar Fraction. 


Make the given decimal the numerator ; and for a a de- 
nominator take as many nines as there are recurring 
places in the given repetend, 

If one'or more of the left-hand places, in the given 
decimal, be ciphers, annex as many ciphers to the right- 
is hand of the nines in the denominator. 


Y gn CT OO IF 
1803 3 = he $ = 1. 4 And 2.63 = 264 = 27+ 
2 And '0g= xs. 5 Aud oA, S 
3 een 6 And 769230= 355349 = 42. 


1 


CAS E _ IT, 
To reduce a Mixed Reperend to a Vulgar Frattion. 


To as many nines as there are beurer i in the” repetends 
annex as many ciphers as there are finite places, for the 
denominator of the vulgar fraction. 


Multiply the nines in the denominator: by the finite 


part of the decimal, and to the 2 add the repeating 
part, for the numerator. 
Or find the vulgar fraction, as befdre, anſwering to 


the repetend, then join it to the finite Parts 1 reduce 
that, to a common denominator. 


— 


us 1 T'RODUC'TI ON ” 


- * 
4 EXAMPLE $, 
4 * -: *＋. : : 2 a 5 * 
F 1 R « 
9 4 - — ' — > * * . molt 4 1 , N 


90 © goo | 
ee regen. $929_ 16 | 
e 96" 8. 


8 
3 - 
8 y « op 4 * 1 * 
MS x " £% . , 


ADDITION o REPETENDS. 


Maxx xz every line to begin and end at the ſame place, 
by extending the repetends, and filling —5 the vacancies 
with the proper Figures and ciphers. Then add as in 
common numbers; only increaſe the ſum of the right- 
hand row, or laſt row of the repetends, by as many units 
as the firſt row of repetends contains nines. And the 
ſum mY Gale at the ſame places as the other lines. 


ous 


| EXANDLES.| | 

0 1 a 8 — 2) . 
1 esd = —_— rz =91:3570, | 
bret = 8104660 7 | = 7259886 
75 439 4 25355 0 7˙21 


= 711 
, V 


LKEPETENDS 19 
„ WI 

2˙4 = 2 

13˙21T5 

1589 N 

27*096 = 2709696960 

o 913 = 0591391392 


. ( 5 ) . . n 
9814 = 9'81481481 
15 = 1*50000000 
87:26 8 · 2666666 
83 = 83333333 


124 = 12409090909 | 


Sum 223*50572390 


a ; . { : : 


= 13˙21518151 


=, g's... 


Sum 49743603512 


© * 


SUBTRACTION os REPETENDS. 


MARE the repetends to begin and end together, as in 
addition. Then ſubtract as uſual ; only, if the repe- 


tend of the number to be ſubtracted exceed the 9 
of the other number, make the laſt figure of 
mainder 1 leſs than it otherwiſe would b.. 


EXAMPLE $. 


1 


re- 


Y Ci 1 — 
8 8 l 
1 


76343 = 76-3222 "F 89*576 = 89.5760 


547617 = 547617 


wh 3 
29˙21 = 29*212121 


3*561 = 3*561g61 


Diff. 25-650559 


12 5846 = 12˙5845 : 
5 n 3 _ 


—— 


rr * 8 2 - 
a * wo n Vo. — 7.3 « — 
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MULTIPLICATION or REPETENDS. 


. 4 


00 INTRODUCTION. 


2h 


i 


8 . * E 9 ts 
I. WHEN a repetend is to be multiplied by a finite 
. Multiply as in common numbers; only ob- 
erve what muſt be carried from the beginning of the re- 
petend to the end of it. And make all the lines begin 
and end together when they are to be added. | 
2, In multiplying a finite decimal by a ſingle repe- 
tend; multiply by the repetend, and divide by · 9 or . 
3. In more complex caſes, reduce the repetends to vul- 


gar fractions; then divide theſe, and reduce the quo- 
tient to a decimal, if neceſſary. 


nnn . 
C | CE): 
E 1 * ry o * hs , % — F . ry 
, i io 

„b 17 
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M o - 
50140648 5 r 4208 einne 
1 . | O00 _ 
143258711 "66 £4 + MING 1 30288 8 
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) 1627446 53 — 5 
g nn 6 i | ” 3 ) 298-365r | Fs 
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9948803 
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a E r EN 56. 21. 


e ln 
Mult. 1 · 206 W ch Th 
1*206 = 1: 2 = = 1:47 = EE To 352, 
and 3'5 33 = 2 1 


then 138 * * * =\pad82154« . 


DIVIS ION or REP ET ENDS. 


1. Ir the dividend * 1 a repetend, divide as in 
common numbers, bringing down always: the recurring 


figures, till the quotient become as exact as requiſite. 
2. And if the diviſor only be 'a/ repetend; it will be 
beſt to change it into its equivalent vulgar fraction, then 


multiply by its numerator, and divide by its denominator. 


3. But if both diviſor and dividend be W t 8 
change them bet to vulgar fractions. 185 


ee . 
(1) ak) 
1˙2.) 2*5253 80 37” 912 
22104 | _ 3489027 
03) N 
27) 51491 (3 270 25 wb. 
49 WE 
151 e344 
hp 12 285 
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5. Divide 99459 by yh r 35 = 31 = K. 


11 * LS 


29*1241 e 


Divide 426821 54 by 3's or f = F, 


32 | 385939393 | 
8 9˙648 77 TON 

7. Divide 4*28821 7 x 1 20b. 
| Here 1˙ 206 = 1 21 = =; 1 25 = 7:08 

_ rad 154 = 4255 e 
Then N, X ee 5. 
a0 | Or rather thus: „ 

Having foun 1780 2 = 118 = e A 175 then 
#4 4. bat, 4 
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8 | OY 1 : 65 
42882154 

128˙646464 
e e | "Bra 


* Ong 1 * . Fr" 
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A Power is 8 produced by multiplyin 9 any 
given number continually by itſelf a certain — * of 
times. | : ; I 


Any numb r is called the firſt power of itſelf ; if it be 


multiphed by itſelf, the product is called the ſecond 
wer, and ſometimes the ſquare; if this be multiplied 

y the firſt power again, the product is called the third 
wer, and ſometimes the cube; and if this be multiplied 

y the firſt power again, the product is called the fourth 
pony and ſo on: that is, the power is denominated 


om the number which exceeds the multiplications by 1. 


. Thus: z is the firſt power of 3. 

3 33 J ds the ſecond power of 3. 

3 * 3 X 3 = 27 is the third power of 3. 

35 * 3 * 3 = 8118 the fourth power of 3. | 
Kc. 3 ve cc. 
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table, | 
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And in this manner may be calculated the following 
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{T A BLE of the Firſt Twelve Powers of Numbers. 
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The number which exceeds the multiplications by r, 
is called the index or exponent of the power: ſo the in- 
dex of the firſt power is 1, that of the ſecond power is 
2, that of the third is 3, and ſo on. ; 

Powers are commonly denoted by writing their indices _ 
above the firſt power: ſo the ſecond power of 3 is de- 
noted thus, 3* ; the third power thus, 35; the fourtn 
8 thus 34“; and fo on: alfo the 6th power of 503, 
thus, 8036. f 5-4 

W the finding of powers; to do which, from 

their definition there evidently comes this woos 


8 N 
3 2-4 i 5 — 
_ Multiply the given number, or firſt power, continually 
by itſels till the number of multiplications be 1 le: 
than the index of the power to be found, and the laſt 
product will be the power required. _ 33 
Note, 1. Becauſe fractions are multiplied by taking 
the products of their numerators and of their denomina- 
tors, they will be involved by raifing each of their terms - 
to the power required. And if a mixt number be pro- 
poſed, either reduce it to an improper fraction, or reduce 
ty vulgar fraction to a decimal, and proceed by the 
rule. c I | 
2. The raifing of powers will be ſometimes ſhortened 
by working according to this obſervation, viz. whatever 
two or more powers are multiplied together, their pro- 
duct is the power whoſe index is the ſum of the indices of 
the factors; or if a power be multiplied by itſelf, the 
product will be the power whoſe index is double of that 
which is multiplied ; ſo if I would find the fixth power, 1 
might multipty the given number twice by itfelt_fdr the 
third power, theti the third power into itſelf would give 
the ſixth power; or if I would find the ſeventh power; 1 
might firſt find the third and fourth, and their product 
would be the ſeventh; or laſtly, if Iwould find the eighth 
ns MW C Power 


26 


1 


power, I mi 
itſelf would 
the eighth. 


Fi EXAMPLE | 1. 


INTRODUCTION. 


\ 


t firſt find the ſecond, then fect! hats 
the fourth, and e into itſelf would be 


EXAMPLE 2. 


For the ſquare of 45. For the ſquare of *027. 


445 


25 
180 


2025 = 45? 


1 


| | EXAMPLE 3: 
- Foridizeubeof 23. 


45 iſt power. „„ 


027 
189 
54 
000729 = O27 * 
yy ; 
EXAMPLE 4. 


For the fourth power of 91 12 


«Tt Er tw 
5˙1 
al 2 
5 235 
; N — 7 f 
. 1 2601 = — 8.14 a 
I 1 1 26˙0¹ * 
| Sor 
e 


F f ry 

4898 1702 158122 2.7 e l 676˙5201 = 0019 2 
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Ex. 7. The quare of Hin 686 
| Ex. 8. The cube of 5; is 3 * * * * 3 = . 
5 * e e 31 or *7 is 7 x 97 


For the fifth power of +029, For the fixth power of 26. 
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EXTRACTION OF ROOTS. 


bd 


The root of any given number, or power, is ſuch a 
number, ag being multiplied by itſelf a certain number 
of times, will produce the power; and it is denominated 
the firſt, ſecond, third, fourth, &c, root, reſpectively, as 


the number, of multiplications made of it to. produce 


the given. power is o, 1, 2, 3, '&c; that is, the name of 
the root. is taken, from the number which exceeds. the 


 multiplicatigqnus by 1, like the name of the power in in- 


volution. ,. ..- 3 
The index of the root, like that of the power in invo- 


* 


lution, is 1 more than the number of the multiplications 
neceſſary to produce the power or given number. 80 2 
is the index of the ſecond or ſquare root; and 4 the in- 
abi he Rs af he 4th 


gex of the t; and 4 t 
rows and 0 on. . ; ; 
Roots are_ſometimes.denoted by writing / before the 


power, with the index of the root againſt it: ſo the third 
root of go is /go abd the ſecond root of it is / 50, 
the index 2 being omitted; which index is always under- 
ſtood when a rot is named or written without one. But 


* 


gu + or —, &c, between them, then A line is drawn 


| the power be expreſſed by . ſeveral numbers with the 


from the top of the fign, of the root or radical fign, over 


all the parts of it; ſo the third root of 47 — 15 is 
4/47 — 15. And ſometimes roots are defigned like 


powers, with the reciprocal of the index of the root 


above 


8 


ttyo ff 


- figutes, / as there are periods 
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above the given number. So the root of 3 is 355 the 
root of 50 is.g0?, and the third root of it is gor; alſo the 


third root of 47 — 5s is 47 — 751. And this method 


of notation has juſtly prevailed in the modern algebra; 


| becauſe ſuch roots, being conſidered as fraftional powers, 


need no other directions for any operations to be made : 


with them, than thoſe for . powers. 


A number is called a complete power of any kind, 
when its root of the ſame kind can be accurately ex- 
tracted; but if not, the number is called an . 

wer, and its robt a ſurd or irrational quatitity 
is a complete power of the ſecond Kit, i 1 root 
but 0 85 Pa power of the third kind, its chi il. | 


| being! a turd quantity, which cannot de accurately ex- 


te ie the finding of he roots of duet 
either accurately, or in decimals to any ptopot ſed degree. 


of accuracy, 


The oe is firſt to be Artif for exttattidn, or 


four for the n root, and bo on. yn when the 5 50 5 
period in decimals is not complete, ciphers ate added to 


* it. 
Note, The root will ,comann 0 as many 
points in tf by 75 


power; and they will be e or decimals reſpec-, 

tively, as the periods are ſo from which they are found, 
or to which. they correſpond ; that is, there will be as 
— * r or decimal figures in the root, as there are 
of integers or decimals in the _ N 


x Fe. 


2% - "IN T:R0O'DVECTION. 


To ) EXTRACT THE SQUARE" ROOT. 


1. ER Aided ** given . into a of 
two figures each, find, from the table of powers in page 
24, or otherwiſe, a ſquare number either equal to, or 
the next Jeſs than the firſt period, which ſubtra& from 


it, and place the root of the ſquare on the right of the 


en number, after the manner of a quotient in diviſion, 
IT the firſt figure of the root required. 5 
2. To the remainder annex the ſecond period for a 
dividend; and on the left thereof write the double of the 
* alread y found, after the manner of a diviſor. 
Find how often the diviſor is contained in the divi- 
F.-Y wanting its laſt figure on the right hand; place 
that number for the next ag Suh in the quotient, and on 
the right of the diviſor, as alſo below the ſame. | 
EY. Multiply the whole increaſed diviſor by it, Placing 
product Below the dividend, which ſubtract from it, 
— * the A 0 8. bring down. the next period, for a 
new "dividend; to which, as before, find a diviſor 10 


doubling the f es already found in the root; 
from theſe find the next figure of the root, as in 5 


laſt article; and continue the operation ſtill in the ſame 


manner till all the periods be uſed, or as far as you 


"Note. Inſtead of doubling the root, to find the new 
E you may add the laſt diviſor to the figure be- 
t. 42 | 
To prove the work, multiply the root by itſelf,” and 


o dhe product add the der and. the Ji will 
the given number, 7 N * oat 


/ b x „ 4 
* ; = 25 k 5 i T8: &-= $53 Þ r 
« - ; * & : . , # © + 84 : # Hep * K % * 
5 
” - . : 14 1 > 
"= n - 4 l E 8 4 24 oer 
6 * +” 2 49 46; 7%. £] 35% 5 * # { b 4 Ft * 4 13 8 
3 f 2 : 3 8 ? J 3 3 $44 a ts = 0 , * 3 . bd 
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s ARE ROOT. 


Ex. 1. e extract the root of 173066. 


Having divided the given . 
number into three periods, 1730, 56 ( 416 
namely 17, and 30, and 56, 1 16 
find that 16 is the next ſquare toãäͤ⁊ũ³hů.ü — 
17, the firſt Lat which ſet 81130 
below, and ſubtracting, 1 re- 1 
mains, to which bring down 30 — 
the next pro makes 130 for 826 4956 


a dividend. Then 4, the root 6 
of 16, is ſet on the right of the — 
given number for the firſt figure of the root, and its 
uble, or 8, on the left of the dividend for the firſt 
figure of the diviſor; which being once contained in 13, 
the dividend wanting its laſt figure, gives 1 for the next 
figure of the root, which 1 is accordingly ſet in the 
root, making 41, and in the diviſor, making 81, as alfo 
below the ſame. Theſe multiplied make alſo 81, ſet: 
below the dividend, and ſubtracting, we have 49 re- 
maining, to which the laſt period 56 being brought 
down, we have 4956 for the new dividend. en, for 
a new diviſor, either double the roet 41, or elſe, which 
is eaſier, to the laſt diviſor add the figure 1 ſtanding be- 
low it, and either way gives 82 for the firſt part of the 
new divifor. This 82 is 6 times contained in 496, and 
therefore 6 is the next figure, to ſet in the root and in 
the diviſor, as alſo below the ſame; which being then 
3 by it, gives 4956, the ſame as the dividend ; 
therefore nothing remains, and 4*16 is the root of 
37*3056, as required. 
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EXAMPLE 2. | © EXAMPLE g. 
For the Root of 2029. _ For the Root of *000729. 
33 20,25 ( 45 root 0, 0% 209 ('*027 root 


I a 1 14 4 
85 | 425 47 | 329 
5 | 425 | 71329 


Note, When all the periods of the given number are 
brought down and uſed, and more figures are required 
to be found, the operation may be continued by adding 
as many periods of ciphers as ve pleaſe, nawely, bring- 
ing always two ciphers at once to each dividend. And 
when the root is to be extracted to a great number 
of places, the work may be much abbreviated thus: 
having proceeded in the extraction after. the common 
method till you have found one more than half the re- 
uired n r of figures in the root, the reſt may be 
ound by diyiding the laſt remainder by its correſponding | 
_ diviſor, annexing a cipher to every dividual, as in divi- 
ſion of decimals'; or rather, without annexing ciphers, 
by omitting continually the right-hand figure of the divi- 
ſor, after the manner of the third contraction in divifion 
of decimals in page 10. „„ Ser 
So the operation 8 the root of 2, to 12 or 13 places, 


may be thus. 
5 C e 
2 * 
f , 
Fl 
Ex- 
* 
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nnr 
2 (147142 13562373 root 
2 en eee! 


— 


— 


282841 8 383600 


2828423 10075900" 2 


2828446) 1500631 (562373 
„ 0 „ 66 %/%/%᷑ ³ůh 176418 10 nl 
| 6712 | | 

2081111 "$3204 {4.9 20 ra 10 2248 

n | 
8 


Here, having found the firſt ſeven figures 1414 1j by 
the common extraction, by adding always periods of ei- 
phers, the lat fix figures, 562373 are found by the 
method'of contracted, Navigon in decimals, without add- 
ing ciptiers to the remainder, but only pointing off a 
figure at each time from the laſt diviſor... . 
And the fame for the two following examples. 
o* JE 5 | | EX. 
' F. dew ; a 


19 
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3, 


RXANFLE 5 | EXAMPLE, 6 
For the root of; 3. PIER Forth were s. 
30 „ root 5 (2.36008 root 
2 | 8 hes fo, 
| 27: | 42 
? Dd a { — — 1 5 
343 | 1100 443 600 
3 1029 ; 2 
3462 pl 4466 | 25100 
: 1 — $2 *% | 26796 
J. 276 ( TT, 304 { 068 
oe 3 : EMS gl Cl * 


e 85 * F 


1a mn may be found the fol ring Roots 


> wt ＋ 


The root of 605 1s 24449490 Fass 
| The root of 7 is 2.64575 
The root of 10 h 3162233 
The root of 11 is 3516628. 8 


Aurze for the Square | Roon 0 of. f Vulgar FraQtions and 


Firſt all W fradions, by LOFT bo them | 
to rt e, both for this and. all other. roots. 


ks. 
| Take the root of the numerator Aud of te deno- 
Singer for the reſpective terms of the root required. 
d this is the beſt way if the denominator be a, com- 
Pflete power. But if it be not, 
2,  Moltiply the numerator dall de ber to- 
ether? take d root of the MW) this root being 


oy | W : Þ: 


* 


-* 
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made the numerator to the denominator of the given 


| fraction, or made the denominator. to the numerator of 


it, will form the fractional root required. 


ab DEER 
That is VF — * = Ya 


And this _ will ſerve whether the root be Snite or 


ws” Or, 
Reduce the vulgar fraftion to a decimal, and ex- 


5 a its root, - | 


4+ Mixt numbers may dacither kw to improper 
fractions, and extracted by the firſt or fecond rule; or 
the vulgar fraction may be reduced to a decimal, then 
ined, the 8 and the root t of ow whoſe nog 7 
tracte | 87 2 
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38 569 12900 a «6 497 
| ©46 „ OS. 
3 10 IND A MEAN PROPORTIONAL» 3 
There are various uſes of the ſquare — of 
to find a mean proportional between any two 
numbers, which is performed thus: Multiply the two 
given numbers to ether, then extract the ſquare root 


_ of their product, and it will be the mean proportional 


t. 
"Ti 1. To. find a Mean Proportional betwen 3 and : 12. 
Here 3 Xx 12 = 36. 
And 755 is 6, the mean proportional ſought. 
For 3: 6 6 1442. 
Ex. 2, To find a Mean between 2 and g. 


Here 2 X 5 . 10 0 nad the mean NY 


* 


A 


Der EY 


6324 ) 1756 (278 
9 491 7 
Wo: 
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Note, By means of the ſquare root alſo we readily find 
the 4th root, or the 8th root, or the 16th root, & c, that 
is, the root of any power whoſe index is ſome power 
of the number 2: namely, by extracting ſo often the 
0 root as is denoted by the index of that power 

f 2 ; that is, two extractions for the 4th root, three for 


the 8th root, and ſo on. | 
Thus for the 4th-root of 97*41- ö 
Fresse (986,96,50,5003 14159999, nk 


— — 


1966 137 624296 
6 11796 _ 7113 
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19738 ) 12839 62825 37% | 
996 THINS. 1 oor 

9 # * i | EG yt wats 
62830 . ( 9999 
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So that the 4th root of y · At is 3 · 141 609 
circumference of a circle whoſe 
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_ The 4th root of 2 is 118920. 
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. ' « , *. A 7 Is . 
The 4th root of 210399 is 12410431407 ' | 
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under which draw a line. 


under which draw a line. 


E 


 PO'EXTRACT THE CUBE RO'O'T. 


7" O)'L £25 


the. given number into periods of three 


. V 81 
* - 
7 2 


places each, beginning at units; and there will be as 


many integral places in the root, as there are points over 


the integers in the given number. 


2. Seek the greateſt cube in the leftchand period; 
write the root in the quotient, and the cube under the 


5 R from which ſubtract it, and to the remainder 
rin 


ing down the next period: Call this the reſolvend, 


3. Under the reſolvend, w 


rite the triple ſquare of 


the root, ſo that units in the latter ſtand under the place 


of hundreds in the former; under the triple fquare of 
the root, write the ire root, removed one place to 
the right; and the ſum of theſe two lines call a diviſor; 


4. Seek how often this divifor may be had in the re- 
ſolvend, its right-hand place excepted, and write the 
reſult in the quotient... **- | - - — 
5. Under the diviſor, write the produck of the triple 
ſquare of the root by the laſt quotient figure, ſetting the 
units place of this line, under that of tens in the diviſor; 
under this line, writè the product of the triple root by 
the ſquare of the laſt quotient figure, let this line be 


removed one place beyond the right of the former; 


under this line, removed one place forward to the right, | 


ſet the cube of the la} quotient figure; the lum of theſe 
three lines call the ſubtrahend, under which draw a line. 


6. Subtract the ſubtrahend from the reſolvend; to 
the remainder bring down the next period for a new re- 
ſolvend; the diviſor to this, muſt be the triple ſquare of 
all the quotient added to the triple thereof, &c, as in the 
third article, &c. DD YE #5; Es 

5 EX ble. OY ONT: Pha SS - 
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TY 1372644. Subtrahend 12 2 8 mn 1-4 
5 * the work'of this example be wall . and 
compared with the foregoing rule, it will be eaſy to con- 
ceive how any other example of the like nature may be 
wrought, And here obſerve that when the cube root is 
extracted to more than two places, there is a neceſſity of 


1 8 of Paper, hay 


40 1X TRODUCTION, | 5 


to come at the root's triple ſquare, and the product of 
the triple root by the ſquare of the quotient. figure, &c, 
In this example, the given number is a cube . 
and therefore at the end of the operation there remained 
nothing; for 364 multiplied by 364, * the product mul 
* b 364 again, gives yu 544, the given number. 
But if the number given be not a cube number; then, 
to the laſt remainder always bring down three eiphers, 
and "_ anew 215 a n ROE e 0 4 
MOR E EXA M * L E Q. N 


[ © % i 


What i is the cube root of | oy 7 > Ark 


369057 A WET 93 

© 1092727 | 103 | 
Gs | Abbr. — 
219 65327791 $ 1 * 7 17 31 291 
122616327232 4908 hed 


Theſe examples are all e nue k 
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To FIND A ee MEAN . 


| A oe is to find 
two mean propo ) N ven numbers, 

which is perforihed thus | 18 JAN oy. 

Dit ide the gre mn IE y the, leſs, and the cube 

root of the quotient multiplied by the leſs ives 

tte leſs mean. Multiply 5-thip id cube root by the leſs 1 
meam and the product is the greater meat! proportional. 
Note, This is. only underſtood of oY n that 

are in ee e 


15 
% * v 8 * „ 
. $8. 4 F64 * „ #4. 1. 
, + 


1 n 


8 14 ITY oY 
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108 divided by 4 gives 27, whoſe eube root is 3; and 
the leſs extreme 4, multiplied by 3, gives 12 for the 
leſs mean; and 12 multiplied gb ſaid root 35 Auer 
36 for che greater mean. 

For 4 Is to 12, as . to eh. a ah * 

E X AM of o Is 
To find two geometrical means between 8 and 900 ? 

Now 8) 1728 ( 216, whoſe cube root is 6. And 
6 times 8 is 48, the leſs mean, and 6 times 15 is 2. the 
greater mean. 


For 8 is to 48 as 288 to 17 —— by 


If the rule already given for the * root — thought | 
too tedious, the e n much more 
ready for uſe. 


RULE 11. . 


we 


FOR THE CUBE. ROOT: 


1. By trjals take the nearaſ rational cube to the given | 


cube or number, and call it the aſſumed cube. 
2. Then the ſum of the given mumber and double the 

aſſumed cube, will be to the ſum of tho affumed 

and double the given number, as the root of the aſſumed 

cube, is to the root required, neatly. Or as the firſt 

ſum is to the difference of the given and aſſumed cube, 

ſo is the aſſumed root, to the difference of the Dee 


nearly. — 


. Again, by ufing, in like manner, the cube of the 
root laſt found as a new aſſumed cube, another root Will 
be obtained till nearer. And ſo on as far as we” pleaſe ; 
uſing always the cube of the * root, for the * 
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42 1NTRODUCTION: | 


VBEANMPLE. . 
10 find hs cube root. of 210348. 


Aae we hen 6nd that the root Hes" between 20 nd 
30, and then between 27 and 28. "Taking therefore 275 
its cube is 19683 the aſſumed cube. Then 


_ f ogy. - 
LS 2 


33 
393 < 2968 


| 22635 + 
As 604018 : 617546 1 29 2 2946047 
/// Ee Boy; WE RR, Lon 9.4 
e — r e | 
. 432282 15 
FEELS. ͤ ; ; 
— 2 7 27-6047 the- root t nearly. 
ny Rl 4523 
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Again, 2 a WS 0 peration, the eube of this root 

Is: n 00 the nen by the latter 
31035319665 8. * 


= þ i | 
21035" * e ke. 


* e 3720 e, 2647 


7 T6 i | the dif, *0002 10834 


| cone. the root req. is +7 604groB3e 
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CUBE no r. 414 


TO EXTRACT ANY ROOT WHATEVER. 8 


Let b b Wi en power or number, che Tides of 
the power, A the aſſumed ene r its. Xook,. R * re- 
quired root of 6. Then 

As the ſum of 2 4 1 times A and 5 1 men „ 
is to the ſim of » + 1 times 6 and» — 1 times A, 
ſo is the aſſumed root 7, to the required root a. 
Or, as half the ſaid ſum of x + 1 times K and # — 1 
times G, is to the difference between the given and af- 
ſamed powers, ſo is the aſſumed root r, to the difference 
between the true and aſſumed roots: which difference 
alded or ſubtracted, en = true root nearly. 


That is, 4+ 7, . 424 1 1. 6 25 1 Þ I R. 


15 Or, a+ . 141 21.3% A 67 1 : RO . 


And the operation may be repeated as often as we 
pleaſe, by uſing always: — laſt found root for the aſ- 
lumed "Ig 9 we; th Ne for the aſſumed power A. 
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To extract the th Root of '21035'8, 


; Here it appears that the 5th root is between 9*3 and 
7'4- Taking 7*3, its Sth hat is ms Ae Hence 
ben Wl have 38 


* 1nTxopucrros | 


of 6 210383 2 731 4 = 55 7. 1 = 33 
A RO and 3. 21 2 


27 2772 ef WEL y £48 * 
64 305 084 „ 
wu 9 1 n 3 i MISS 8.45 | 
4 e Ff 1) 
9 35 Ne 46Þ IE RN 3 rr og ar 2 
n 1420716 . 
22 ee e 
Denn 1128 Das $1733 | 
As 704263 74. nu ew 17738 Vaude, 5500 f 
es "3; 
i Ha ee ee  , K 
MS: K 8 JC Sb w 27; 260! 
| + 915252 e | 
A 4 2135588 . 


erf ener nn 3 
14184 eee Lang | 
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8 N * | root true tothe | 
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2. What is the root of 22 Fenn 
2, What is the 4th root of 2 Anf. 1.199207. 
3. What is the gth root of 97:41? Auf. 341599 
4. What is the 5th! root of 2? Anf. 1148699. 
. What is the 6th root of 210358? Anſ. 5 · 254037. 
» What is = _ root — 2? Hs 1122402, | 
» What is the 7th root of 2 10 4146392. 
x 4 What is the 5th root of 2 ? oo Anſ. & . 
19. What is the 8th root of 21035˙8 ? Anſ. 3: 470323. 
o. What is the 8th root of 2 ? Anſ. 1.090508. 
1 What is the gth root of 210358? Anſ. 34022239. 
OT 9 O40 0 Anſ. 1080059. 


3 . 
Gr. 


— 


EVOLUTION. 7 - "<8 


GENERAL RULES for extracting any Root out of 
Vulgar Fraction or Mixt Number. 


1. If the given fraction have a finite root of the kind 
required, it is beſt to extract the root out of the nu- 


merator and TR or the terms of the root re- 
_ quired. 


2. But if the fraction be not a complete power, it * 
be thrown 3 into a decimal, and then extracted. 


3. Take either of the terms of the given fragtion for 


the correſponding term of the root; and for the other 
term of the root, extract the required root of the pro- 
duct, ariſing from the multiplication of ſuch a power of 
the fr ae ed term of the root whoſe index is leſs by 1 


than that o . by the other term of the 
given numbe We 


Tbis rule will en this. root 3s ether Knit or 
finite, 50 


extents 


433555 373 
That is, ot | 5 


ie _ 


*. 5 Mixt aumbers ma Os a either rare 
e or decimals, an d then extracted, 


EXAMPLES. 


Wen hülle ebe wet ef y? hes N 
1. Whatjs the fourth root of dr Nut. i. + 
3. What is the cube root of 17 Anſ. e 
4 What is the cube root of 227 Anſ. 4 or 13. 
5. ee Anſ. 930973. 
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CROSS MULTIPLICATION. 


DvopgcinAls are ſo called becauſe they decreaſe by 
_ twelves, from the place of feet, towards the right-hand. 
Inches are ſometimes called primes, and are marked thus“; 


the next diviſion after inches are called parts, or ſeconds, 
and are marked thus; the next are thirds, and marked 


thus; and fo on. 


This rule is otherwiſe called Croſs Adulepticarion, be- 


cauſe the factors are ſometimes multiplied croſs ways. 
And it is commonly uſed by workmen and artificers in 
caſting up the contents of their work; though a much 


| better way would be by a decimal ſcale, 


3 
3 8 . 2 


OLIN brane ro ria I, 
1. Under the multiplicand write the fame names or 


denominations of the multiplier ; that is, feet under 
feet, inches under inches, paxts under parts, &c. 
2+ Multiply each term in the multiplicand, beginning 


at the loweſt, by the feet in the multiplier, and write 


each reſult under its reſpeCtive term, obſerying to carry 
an unit for every 12, from each lower denomination to its 


next ſuperior 89 


5 1 In. the ſame manner multiply every term in the 
multiplicand by the inches in the multiplier, and ſet the 
reſult of each term one place removed to the right of 
thoſe in the multiplicand. MO 


„ | 
_ — — ho 
1 * 4 5 


e ene 1 


4. Proceed in like manner with the ca and all 
the reſt of the denominations, if there be any more; and 
the ſum of all the lines will be the product required. 

Or the denominations of the particular * will 


be as follows : 8 
Feet 5 feet, give fret, 
Feet es, give ee 
* 5 Feet 4 | Same] ſeconds. 


Primes by primes, gi give ſeconds. 
Primes by ſeconds, give thirds. 
TOs wy ge: * fourths. 


| gecube * 19 give ban . 5 
Seconds by thirds, give fifths. „ 
mY N Ny, W give: e, 


* 


NI 


Thirds bo thirds, give Arche. 
Thirds by fourths, give ſevenths. 
Thirds by fifths, give eighths. 


In general thus : | 


When feet are concerned, the product is of the ſame 
denomination with the term multiplying the feet. 


When feet are not concerned, the name of the product 
2 1 N 


B TAS anten. 3» 


1 | N f 2 
£7 * . 
* 72 6 11 
| a | „„ 
| FA Fs 2 2 6 
70 11 0 5 6 Anſwer. 
h R V L E II. 
| When the feet in the multiplicand are expreſſed by a 
} large number. 
Multiply firſt by the feet of the multiplier, as = 
| Then, inſtead of multiplying by the inches and parts, 
_ proceed as in the Rule e Practice, by taking ſuch 
— parts of the multiplicand as correſpond with the 
: es and ſeconds, & of the multiplier.” Then the 
— of them all will be the produce required. 5 
I 4 * 92 7 5 . of C ut 
| Ex. 3. dn 240 10 EIA 9: 4 6 

[| F | 5 
1 dies o 
i 0 
[| le 8 7 4 1 FR 8 3. - "ih . 
| e et ts 4 o o Anſwer. 

1 VT v R 111. eee 
If the feet in both the multiplicand and maldplicr b be 
| numbers, 

4 oy the feet only into each other: then, for the 

| inches in * nien take parts — ory 
| F | 2 it ' 1 , | m : 


Ex. 3. Multiply 368 
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R EXAMPLES. 
Anſwers. 


* 0 4 : 
66 4 6 a 
g 4 010 - 
IL 
4 745 6 16 2 


multiplicand; and for the inches and ſeconds of the mul- - 
_ © tiplicand, take aliquot parts. of the feet only in the multi- 
plier. And the ſum of all will be the product. 
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1 6 
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| 13 
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15 
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bonn MOT Ss 


37410 | 
.3*8729833462 
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14142138624 
17320508076 
2*0000000000 , 


223606797 78 


5 2*4494897 42 


26457513111 


248284271247 
© 3$*0c00000000 
3*1622770002 
3731665247904 
3˙464101615 1 


35055512755 
67368 


4*0200000020 


41231056256 


42426406871 


43588989435 
44721359550 
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48825756950 


40904157598 | 


477958315233 


48989794856 
$*0000000000 


550990195135 
5 1901524227 
5*29150202:21 
$*385 1048071 

8 ˙4772255751 
55677643628 
56568542495 
52445626465 
583095 18948 


5 ˙9160797/831 


60000000000 

6-0825625303 
-6:1644 140080 

6*2449979984 
63245553203 
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TABLE OF SQUARE ROOTS, 51 
: No. 1 Root. 6 No. | Root. 
41 6˙403 1242374 77 87749643874 
42 64807406984 78 8 8317608603 
143 [65574388243 79 [87888194473 
44 66332495807 80 89442719100 
45 67082039325 81 9*0000000000 
40 6˙7823299831 82 90563851381 
47 68556546004 83 | 911043358791 
4.8 6:9282032303 84 91651513899 
49 | $:0000000000 85 | 9*2195444573 
50 70710678119 86 92736184955 
57 7˙141428428 5 8293273790531 
52 7*2111025509 88 973808315196 
$3 7-2 801098893 8 94339811321 
$4 [73484692283 go , 944868329805. 
55 74161984871 91 95393920142 
56 | 7˙4893147735 92 95916630466 
57 75498344353 ñ 93 96436807610 
$8 7 0157731059 f| 94 96953597248 
59 76811457479 || 95 9 74607943448 
, 6o {| 774596606924 "|| 96 9*7979589711 
o j 78102496759 || 97 | 98488578018 
62 | 78740078740 || g8 | 98994949356 
63 | 79372539332 | 99 9*9498743711 
64 *0000000000 io ro · ooοο 
65 80622677483 [101 10. 0498756211 
66 81240384046 102 100996049384 
6 8185350 Þ 7.167 10.148891 5651 
68 [82462112712 [104 [10 1980395272 
8 8.30662 38829 i105 102469507660 
70 83666002653 [106 | 102956301410 
71 84261497732 107 | 1052440804328. 
72 | 84852813742 || 108 | 10:3923048454 
73 8. 5440037453 109 f 10:4403065089 
74 86023252670 110 10· 4880884817 
75 | 876602 540378 111 1086356637529 
76 8777978871 || 112 | 105830052443 


4 4 
3 1 
; 4 
— ' \ 
1 
* 
TE, 
=— q 
. 5 
x 
* 
7 
= 
: * 
£4 
* 
ö 
4 
ö 
: 
1 
4 iy * 
x 
7 75 
. * i 
! oY 
7 YA 
ih 
|; 
»3! 
bo 
"Ss. 
: 
S 
* . * 
: 
12 
11 
1 
** 
2 
fn 1 
50] 
en 4 
* P * 
1 
4. y 7 
1 
= 
-*FY 
b — 
3 mY 
„ 
* 

* 
2H 
1 7 5 

TY. 
1332 
2 3 
RM. 
> 
3 
6 
MZ 
I'S 
TIX 
„ 
8 
A 
* 
W 
1 
WE 5 
a 
: T 
[2 


: 5] 
1. 88 
8 


4 : 
— : 
: 
' 
* 
. . 
: 
3 
; 
: 
q 
2 
* q N 5"ll 
1 4 n 
«* - * o 
0 
1 
T2 
ö ' * 
- J i SY * 
: b LEY | M 
5 
2 
re 8 
_ 4: 
et. 13 
W's $I l 
1 — 7 Ga . 
= 
r 
nt 2 * ; 
3-54 
" A 
=D 
1 23% 
” 3 
1 2 
4 
7 


3 


1 12˙2 


113 | v9 5222 
114 [106770782520 
115 | 1057238052948 
116 10˙ 27703296143 
117 [108166638264 
418 [108627804912 
119 | 10˙9087 121146 
120 | 10˙ 9544811501 
121 J I1*0000000000 | 
I22 | 110453610172 
12311090536 5004 
424 | 111355287257 | 
125 11 1803398875 4 
126 112249721603 
127 „ 
428 [113137084990 
129 113578166916 
230 ] 1174017542510 


114455231423 
114891252931 
8 5378788872 
11757 

11 ˙6189 5003 86 
1176619837897 
1 1177046999111 

8 | 27” 2928777 


30904 


117899261226 


118321595662 


118743420970 


11916375287 
| 1199582607431 
I 2*©OCOQOOTOO © | 


12*0415945788 


2 1+-0830459730 
| 721243550530 |f- 
15 e | 

5556153 
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122474487139 
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122882057274 


* 123288280059 
123693168769 


1240967 36466 
12449899 5980 


1248999598 
12529954086 


| 12*56986509c0 


12*6095202129 
12*6491 106407 
126885775404 
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ph 27148334 
28062484749 

4 852325787 | 

128840987267 


12 350 


12961481396 


13; οο οο 
13 ˙ 038404810 = 


130766968 30 
13* 1148570486 
13*1529464.3809 


' 13*1909059583 


1352287565553 
= *2664991614 


. 13*3041346957 


13:3416640641 


| 133790881603 | 


13*416407 8650 


| 23:4536240471 


13490737 7085 


183 1 13:52774925 


13-5640 6599863 a 


1470508 : Thy 


19*63818169-0 
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| 53 
"Was Root. 4 „ 
187 | . 79337846237 
188 } 137113092008  144966629547r 
189 | 13*7477250849 | 15*0000000000 
190 |. 13*7840487521 150 3296378 4 
191 | 13*8202749611  15:06651917 33. 
192 |}  13'8564064606 _ 150996638705 
193 | 238924439894 15*1327459504 
194 J 13:9283882772 151657508881 
anne 1 
195 | 13*9642400438 ” 15*1986841 536: 
| Ty6 f * 14*'0000000000 15˙2315462117 
197 140356688441 15 204337 $225. | 
198 | 140712472795 - 15*297058 8408 
199 | 1441067359797 15*3297097168 
200 | 141421350237 | 15* 3022914957 | 
20r | 1451774468788 ' 15:3948043183. 
202 | 14*2126704030 ' || 15'4272486209 
203 | 14*2478068488 |. 21 . a 
204 Þ 14*28285685751 |- ; 1 5*491933384 
205 | 143178210633 9 5783785905 
200 |] 14'3527000944  15*556349186r 
207 | 143874945699 | 15*588457268r 
208 | 14'4222051019 | 1556204993518 
209 | 144568322948 | 15 0324750425 
210 [144913767462 15˙6843871414 
211 [1475258390463 15˙7152336465 
212 145602 197786 15˙7480 157480 
213 14 285388585 1 1797338385 . 
214 | 14 6287388383  15*8113883008_ 
215 | 14. 6628782936 - 15*8429795178* 
216 | 146969334567 ' 158745078664. - 
217 | 14*7309198627 . 15*90597.37206 © 
218 | 14*7048230602 159373774595 
219 | 147986485869 I 6*9687 194227 
220 14'8323969742 || 2565 *0000000000 > 
221, [148660687473 237 1 12195419 
21 3: 14 5999044255 Is ie 1606 
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TABLE OF SQUARE ROOTS. 


"No. | Root. bo | 
+259 | 1659934769394 v1 
260 e $6906 E 
261 - | 16*1554944274 | 
262 | 16:18641490562 | 
263 | 16:2172747402. 
264 [162480768092 
265 1652788206961 
266, | 13095064303 
267 | 16:34013:;6384 || 
208 5 1 e 1 
f 269 16 54.0438 4 1 
270 | 16˙43167 — 4 
271 16 4620/76332 
272 } 16·492422 025 
273 15 522711 419 
474 865277580 
27 330518 
* 9555 4 
277 |. 16:5433169; 71 | - 
273 | 16+6733320005; 1 
279 | 16+7032930885 || 
280 | 16+7332005307 | 
$1 | 16-76305 (6142 | 
282 | 165792 237 
283 1628541 
284 | 16852294 5464 
265 | 19-8919440161 
286 169715345253 
287 169410743401 
288 16 9705627485 
289 | 17:0000000000. 
21 | 17:0293863059 | 
291 | 17 . ee | 
292 | 19:0880074906 
293 | 17'1172427686 
294 | 171464281995. 
296 | 
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Root. 


15˙ 2046 05341 


172336879396 


17˙ 2026765016 
17˙29 16164658 


173205080757 
_ 173493315729 


173781471969 


17•406895 1855 


174355957772 
174642491966 
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17 er e 


17549928 5 
175783958312 


| 17*60683 168617 


1 7*035 5 192 088 5 


3 n 


1769180601 


175 3 7 


17 ˙74823934 
17˙276388 8837 


17 92449387 148 
17*832554500z 


17˙86057 10995 


178885438200 


17˙91647 2 


17˙944358444 
17˙972 20075 50 
18 · oοοο 


| 8 10 5 


0554700853 


0031413200 _ 


. — 702763 


18. 438357 1472 


181659021246 
181934063987 


15 * 208671583 
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A NENSURATION is the meaſuring and eſti- 
mating the magnitude and dimenſions of bodies 
and figures; and it 1s either angular, lineal, ſuperfi- 


cial, or ſolid, according to the objects it is concerned 


with. It is accordingly treated in ſeveral parts: as 1ſt, 


Practical Geometry, which treats of the definitions and 


oonſtruction of geometrical figures; ad, Trigonome- 
, Which teaches the calculation and conſtruction of 


_ triangles, or three-fided figures, and, by application, 


| © orfolid contents of bodies, Beſides theſe ge, 
there are ſeveral other ſubordinate divifions, as alſo the 
application of each to the practical concerns of life, Of 


of other figures depending upon them ; 4d, Superficial 
Menſuration, or the ar Fins the ſurfaces of bodies ; 
4th, Solid Menſuration, or meaſuring the capacities 

1 general heads, 


each of which in their order: excepting Trigonometry, 
which is fully treated of in my large book on Menſura - 


tion, of which the ſecond edition has lately been pub- 


, 


liſhed, with very great additions and improvements, add 


hot 
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. „A Pol NT ad, no parts nor 
breadth, nor thickneſs. 

2. A line is length, without 
breadth or thickneſs. ö 


3. A ſurface or fuperficies, is an 


extenſion, or a figure of two dimen- 
ſions, length = A but Witlhs 
out thickneſs. ©. 


4. A body he a hows 5 | 
ai dimenſions, ' namely, - length, 
breadth, and thickneſ+, | 


Hence ſurfaces are the reien 
ties of ſolids; lines the extremities 
of ſurfaces ; and points the extre· 
mities of lines. | 


1 Lines are either right, or 


Fs; or mixed of theſe two. 


. 


dimenſions, neither length, 


PRACTICAL GEOMETRY» 


6. A right line, or ſtraight line, 
lies all in the fame. direction, between 


its extremities; and is the ſhorteſt © 


diſtance between two points, | 
7. A curve continually changes 
its direction, between its extreme 
points, | 5 
8. Lines are either parallel, ob- 
lique, perpendicular, or tangential. 
9. Parallel lines are always at the 


ſame diſtance; and never meet, 


though ever ſo far produced, © 
10. Oblique right lines change: 


their diſtance; and would meet, if 


produced, on the fide of the leaſt 

diſtance, 1 BS 
11, One line is perpendicular to 

another, when it inclines not more 


on the one fide than on the other. 


12. One line is tangential, or a 
tangent to another, when it touches 


it, without cutting, when both are 


produced. 


13. An angle is the inclination, 


-ox opening, of two lines, having 
ifferent directions, and meeting in a 
point. | 


acute or obtuſe, | | 
15. A right angle, is that which 
is: made by one line perpendicular 
to another. Or when the angles 
on each fide are equal to one an- 
other, they ate right angles. | 

16... An oblique angle is that 


| which is made by two oblique lines ; . 
and is either leſs or greater than a+ 


night angle. 


—— 
— 


14 Angles are right or oblique, 


% : | 
* in. i 
' 6 . 
* 
* G4 
5 
1 | 
V3 
* 
5 — 
* * 


: 


| fl 


Tight _ 
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17. An acute angle is leſs how a 


18. An ane nad: 18 greater 
than a right angle. 


19. Superſicies are either plane or curved. 
20. A plane, or plane ſuperficies, is that with which 
a right line may, every Ways. coincide. —But if not, 


jt is curved, 


21. Plane es are bounded either by right lines or 


£urves. 


22. Plane figures bounded by right lines, have 


names according to the number of their ſides, or of their _ 


7 Fe 


7 the relations of ts cles and angles. 


e three wa are > all ow 


angles; for they have as pany fides as angles; the leaſt 

number being three. 

23. A figure of three ſides abd angles, 
le, And it receives particular denominat 


called a { | 
ns from. 


— 


An equilateral ac is 


| . * 


aa OY ile rien ale, is that 
hit has to ſides equal, | | 


| 5 3 1 1 
"ako A ſealene triangle, j that 
wine Wree fides WO an as 


27. A 
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27. A right-angled triangle, is 
that which bas one right angle. 


28. Other triangles are oblique- 
angled, | and are either obtuſe or 
acute. 


| An obtuſe · angled e 
kate obeſe. angle. 


30. An . bt has 
all its three angles acute. 


31. A figure of four fides and 
angles, is called a quadrangle, or 
2 a quadrilateral. 
.*$%. A rallelogram is a quadri- | 
lateral which has both its pairs of „ 
79 8 hides parallel. And it takes = 


following particular names. ; Y 


gram, having ul] its 8 e 
ones. 85 | | 


„ n is an S 
25 ;  havingallits fides equal, 
and all its angles right on 5 


| Th A thomboid . an oblique. Fn 7 
| _ poratiglagege 82 


36. A rbombus is an 3 
- rhomboid; having all its fides equal, 
but! its angles oblique. 


Ds. 


33- A rectangle is a parallelo-. | — | - 2 


r 


Joining any two 1 8 9 of 


18 * 


gure 
dounded by a curve line, called the 


; Na 2 255 called! its centre, | 
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' : 
37. A . e is a quadrilate- 
ral which hath not both i 10 pairs . 7 
oppolite ſides parallel. Ee 

1 
pair of oppoſite ſides parallel. 


39. A diagonal is a, right line 


- 


a qua lateral. 


40. Plane figures _ more 4 ſour Lies are, 
in general, called polygens: and they receive other par- 
tieular names according to the number of their fides or 


| —_ 


41. | tagon/is a polygon b of zes nc n Rerag n 
hath fix * a heptagon, ſeven; an octagon, eight; 
a nonagon, nine; a decagon, ten ; an undecagon, 


eleven; and a dodecagon hath twelve ſides. 


1 A regular polygon han alt its fides and alt its 
ual. If they are not both equah . the polygon. 


43. An equilateral triangle is alſo a N figure of 


by three ſides, and the ſquare is one of four: the former 
15 being alſo called a trigon, and the latter a Ow 


44. A circle is a plane fi 


circumference, which is every. where 
equi-diſtant from a certain point : 


46. The radius of 'a circle is a 


right line drawn from the centre to» 


the eee | 


46. The 8 of a circles ; is a+ 


right line drawn” through the cen- 4 


tre, and terminating in the circum- 
ference on both ſides. 1 


k # 2 
7 


47. An arc of a de; is any 
La of the circumference... 


* 


— 


48. A chord is a a right line j joining, 
the extremities of. an arc. 


- 


— * ; 2 


— 


49. A ſegment is any part of a 


eircle bounded by. an arc * its 
chord. 3 > 


— 


— s 


£0. 'A ſemicirets 3 is s half the circle 8 
or a * cut off by. a diameter. 


4 
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61. A ſe dor is any part of a cirele, 


bounded by an arc, and two radii 


by ; 


draws to its extremities. . - 


82. A quadrant, or quarter of a 
circle, is a ſector having a quarter of 
the circumference for its arc, and its 
on radii are perpendicular to each 


53. | The height or altitude of a 


figure, is a perpendicular let fall 
from an angle, or its vertex, to the 
oppoſite ſide, called the baſe. 15 


54. In a right · angled triangle, the 


fide oppofite the right angle, is 


other two ſides the legs, or ſome- 
times the baſe and perpendicular. 


$5. When an angle is denoted by 
three letters, of which one ſtands at 
the angular point, and the other two 
. on-the two fides;. chat which ſtands 


at the-angular Ab read in the 


ͤ ĩ DVL 1-:. 
96. The circumference of every 
circle is ſuppoſed to be divided _ 


3560 equal parts, called degrees; and 


each degree into 60 minutes, each 
minute into 60 ſeconds, and ſo on. 


Hence a ſemicircle contams 180 de- 


grees, and a quadrant go degrees. 


wy s 
a : \ 


. The | 


4 


PRACTICAL GEOMETAY. 63 


57. The meaſure of a right-lined 
angle, is an arc of any circle con- 
tained between the two lines which 

form that angle, the angular point 
being the centre; and it is eſtimated 
by the number of degrees contained. 

in that arc. Hence a right-angle is 
an angle of o degrees. 


The definition of ſolids, or bodies, will be given 
gt kgs when we come to treat of the menſuration 
of ſolids. | | 


\ 
% 


* 


* 
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N PROBLEMS. 
PROBLEM . 
To divide a wes Line AB into: Two Equal Pari. 


1 
From the centres 4 and By: "with. | 2 
any radius greater than half as, de- * 
ſeribe ares cutting each other in m 121 
and n. Draw the line men, and it A+ 8 3 
will cut the given line into two equal* + - 5 
parts in the middle * „ 5 
ef 


P WO BL EM IH. 
Fo divide a Given Angle abc into Two Equal Parts. 


From the centre B, with any ra- 
dius, deſcribe the arc ac. From A. 
and c, with one and the ſame radius, 
_ deſcribe arcs interſecting in m. Draw 
the line zm, and it will biſect ooo 
angle as * 8 | 


> : | — 9393 


PROBLEM ELIF 


- 


To div * a Right Angle ABC into Three Equal Penn. . 


From the centre 3, with any ra- 
dius, deſcribe the arc Ac. From the 
centre A, with the ſame radius, croſs - 
the arc Ac in n. And with the cen-- 
tre c, and the ſame radius, cut the 
are ac in m. Then through the 
points m anden draw xm and n u, 
and they will triſect the angle as re- 


"= N 
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5 ROB LEM IV. 
Cf draw a Line Parallel to a Given Line AB. 


Cass t. IN the Parallel Line is to be at a Given. 

| Diftance c. | 
From any two points m and n, 8 

in the line AB, with a radius equal ww D 

to c, deſcribe the arcs r and o: 


Draw co to touch theſe arcs, A3 
without cutting them, and it will EE | 
be the parallel required. pn 4 


CAsk 2. When the Parallel 1 15 to paſs through” a 
Given Point C. 


From any: point m, in the line C r a 
AB, with the radius m c, deſcribe D = E 
the arc e n. From the centre e #7 F 
with the ſame-radius, deſcribe the A : — 5 = 
are mr.—Take the arc cn in the © ©— _— 


compaſſes, and apply it from | 808 
m 8 and r draw ON be 
D E, the paralle dem i 

2 * is more N effected with a 


E ; 5 
PROBLEM V. 


To erect a Perpendicular from a Given Point A in a Given | 
5 Li Ne B C. 


Cabs. I, When the Point is near the middle of the Lhe: : 


On each fide of the point a take 

any two equal diſtances a m, An. 

From the centres m, n, with any 

. radius greater than a m or A n, de- 

ſeribe two ares cutting in r. 
Through a and r dra the line ar, B 
and it will be the W as. m 
en, . 


4 


* — 
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Cs 2. Whenthe Point is near the End of the Line. 
Wich the centre a, andany radius, . 
deſcribe the arc mu s.— From the | * 
point m, with the ſame radius, turn f 5 3 
the compaſſes twice over on the * 4; 1% 4. 
arc at n and s,——Again, with the S's LET 
centres n and s, deſcribe arcs inter- SEC REC e 


fſecting in r. Then draw ar, and B m A 
it wil be perpendicular as require. 


Another Merbo f. 


From any point m as a centre, 1 


with the radius or diſtance m a, de- Ft 
ſeribe an arc cutting the given line m. 
in n and a.—Though n and m _, . 
draw a right line cutting the are inn üũñłẽékê₆'0 Eb. 
1. —Laſtly, draw A r, and it will be roms” Ah 


the perpendicular as required. 


From any. plane ſcale of equal 
parts ſet off amemqual to 4 parts, 
— With centre A, and radius of 
parts, deſcribe an are.— And wit 
centre m, and radius of 5 parts, 
croſs it at n. Draw A n for the per- 
pendicular required. ; 


++. 
: / 


Or any other bens in 8 az TOY. 5 4 
4. 5, nil do the ſame. FOG F | 4" Is 


193 


„ R On\/ \ 


% 
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PROBLEM vr. 


From a * Point A, out of a Given Line BC, to let falt 
a Perpendicular. * 


Caze 1 1. — the Point is near! ly ppefire the Middle of 


the Line. 


With the centre A, and any ra- 
dius, deſcribe an arc cutting z c in 
m and n.— With the centres m and = | 
n, and the fame, or any other ra- B ——2—£g 
dius, deſcribe arcs — * 

cu - 


r. Draw A D r, for the perpe : | - 
lar required. 5 | 7 — 
\ | 5 © 
Ce 2. When the Point is a der, the End 7 the 
: Line . 


Fi 


From A draw any line am to 
meet 3 e, in any point m. Biſect 
Am at n, and with the centre n, and 
radius An or mn, deſcribe an arc, 
cutting Bc in ».—Draw Ab the 
r as required. 


LY by * . ＋ 


1 Another Method, 


| From s or any point in BC, as a > A 
centre, deſcribe an arc through the F.. 
point A.— From any other eentre * 
m in ze, deſcribe another arc ; 
through A, and cutting the former B 
are again in n.—Throngh a and I” 
n draw the line Abn; and ap * 

will be the perpendicular as re- 1 

5 oo Ih. 
_ 8 


5 — 
„een 


1 
N 
14 
' 
4 
| 
f 
1 
' 
(1 
; 


| 
E * 
( 8 


divided into — join the oppoſite D. 3 = 
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VN. B. perpendicular may be more readily raiſed 


| 1 let fall, in practice, by means of a canes or ather 
it inſtrument, 


PROBLEM Vit, 


To drvide a Given Line ap into any propoſed Number of 


N Egual Parts. 
From A draw any line ac at mT 
random, and from » draw BD „ 2% 
parallel to. it.— On- each of 25 
theſe lines, beginning at 4A and 1 2 3 4 5 


B, ſet off as many equal parts, 


of any length, as as is to be 


points of divifion by the lines 3 ; 1. 


A5, 1 47 235 &c ;; and they. „„ ' 5 


Aide 4 AB a8 ras wed 


1\ 
13 


* k N a 


rr DEM vir. 


7. divide: 4 Cine; 1 An i the * Proportion as- | 
er Line cD 15 divided. | | 34 Jo 


— 


Ms Gels bes line Az oy. 2 3 4 


equal to cp, and upon it trans- 4 D+ 


fer the diviſions of the line eo. K 
Join zx, and parallel toit . 1: ;: 
draw the lines 1 1, 2 2, 3 3, & 3 A . B. 
and they will e 4 % W 1 
Wired. . | 
. 5 P. NO 


U 
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Ronen 11 


At a Given 8 A, in a Given Line AB, to make an 
Angle Equal to a Given Angle 0. 


With the centre c, and any radius, 
deſcribe an are mn. — With the 
entre A, and the ſame radius, de- 
ſcribe the arc rs. Take the diſtance 
mn between the compaſſes, and ap- 
ply it from r to s. — Then a line 
drawn through A ands, will make 
the angle a equal to the angle c as 
W 


85 | I” 
PROBLEM x. 


A a Given Point A, in @ Given Line An, to mate an 
Angle of any propoſed Number 27 Degrees. 
With the centre a, and radius 
equal to 60 degrees, taken from a | 
ſcale of chords, deſcribe an arc, a 
cutting AB in m. — Then take bes | 
\ | tween the compaſles, the propoſed 
number of degrees from the ſame - 
ſcale of chords, and apply them 
from m to n. Through tae point 


n draw An, and it will make the _ CIR. | Wl 
angle A of the number of dernen i 1 8 92 | 4 1 
| Propoſed, | = 
Note. Angles of more than 90 degrees are uſually 8 
taken off at twice, | I 
© Or the angle may be as with any divided arch or 2 4 
inſtrument, by laying the centre to the point a, and We 
its radius along an ; then make a mark n-at the pro- | "oy 
oy number of degrees, through which draw the 18 
A n as before. 


P & O- 


» 
- R „ „ — — —ů * —— 
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ions . 4 r 

— e .fſ ...... p ̃ h 7˙ékQ ,, 
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5 draw chords to the other two 
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* R O B LEM XI. 
To meaſure a Given Angle a. 
(Cee the laſt figure.)  _- - 


| Deſeribe the are mn with the chord of 60 degrees, 
as in the laſt Problem. —-Take the arc m n between 
the compaſſes, and that extent, applied to the chords, 
will ſhew the degrees in the given angle. 

Note. When the diſtance m n exceeds 90 Legen, it 
muſt be taken off a twice; as before. 

Or the angle may be meaſured by applying the ra- 
dius of a graduated arc, of any iaſtrument, to As, as 


in the laſt problem; and then noting the degrees cut off © 
by the other leg a n of the augle. 


"PROBLEM XIt. 
To 3 PER 0 entre N a Circle. 


4 


Draw any chord AB; and 
biſect it perpendicularly with 
ep, which will be a diameter. 
Biſect cy in the Po o, 
which will be the centre. | 


% ora xi 11. 


To ae. . Circumference of 0 a Circle arme „ 
Given Fei, A, By c. 


From the middle point B 


points. Biſect theſe chords per- 
pendicularly by lines meeting 
in o, which will be the centre. 
Then from the centre o, at the 
diſtance 04, or o n, or o 
deſcribe the * i 
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Note. In the ſame manner may the centre of an are 
of a circle be found. 


PROBLEM. xiv. 


Toys a Given Point a, to draw a Tangent to a Given 
Circle. | 


Ginn 1. When A is in the WTO of the Circle, 
8 A C 


From the given point Ay 
draw ao to the centre of the 
circle.—Then through a draw 
z perpendicular to ao, and 
it will be the tangent as re- 

quired. , 


. Casg 2. Where Aves out of the Cireunference.” 


Freon the given point a, 
draw ao to the centre, which 
biſect in the point m.—With the 
centre m, and radius ma or 
mo, deſcribe an arc cutting 
the given circle in n.— Through 
the points 4 and n, draw the 
taugent BC. | 


PROBLEM XV. 


Fe o find a Third Proportional to Tue Given Lines AB, AC, 


Place the two given lines, | 
AB, ac, making any angle at 4A ————B 
4, and join Bc.—In an take „ C 
4b equal to ac, and draw DE * 
arallel to Bc. So ſhall az . 

the third proportional to a A << { 
and Ac. That is, 4B: 40 / 1 
AC3 AE, | | 5 F 
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with the radius AB, ceſetibe 


given r of one "oP the N 


ener l anne, 
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PROBLEM xvI. : 


To fad a Fourth Proportional to Three Given Lines, 4, 
Y ren 

Place two of them 4 m, A488 —— 
making any angle at a, and A —- 


ol 


Join Be. Place av on an, and A — . De 


draw DE rallel to Be. So _. 4 

Mall AR wes one} 1 | ERS. 

tional required. on 
That is an: Ac: Ab. AE. . 5 


* 


PROBLEM XVII. : 


E fol a Mean Proportional berween Two Given Liners 


ABy BC. * 
0 oin "AB FRE" BC in one 1 Ci he 
Qiraight line at, and biſect it A _ 
in the point 0.—With the cen- Tice Fn 
tre o, and radius oa or o - | VI, | 
deſcribe a ſemicirclee—Erect +» WES ks 
the perpendicular ao, and it wil  # J 
be the mean Proportional: 6 © 
quired. | . | T 


Aire 0 : BD :: BD: BC, 


| rb XVIII. 
75 o male an eee andi on a Given Line 4. 


- From the centres A and ß 


ares, interſecting in c.— Draw 
ac and pe, and it is done. 
Note. An jſoſceles triangle 
may be made in the ſame man- 
ner, taking for che radius the 


be 
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P ROB LEM XIX. 
To make a 77 riangle with Three Given Lines AB; Ac, BCe E 


With the centre à and radius C : 
Ac, deſcribe an arc. With the $77 | 


centre , and radius ge, de- | 

ſcribe another arc, cutting the _ EIN 

former in c.— Draw ac and A — B 
0 | 


nc, and arc is the triangle A_ 
required. 8 — 0 


Px OBLEM XX, | 
To make a Square upon a Given u, x. 


* 


Dewi Bc; perpendicular and 
: equal to AB. From 4 and c with 
. the radius AB, deſcribe arcs 
- interſeting in ».—Draw ap 
and cop, and it is done. 


** 


Another I, Aye 


On the centres a and B, with 
the radius A x, deſcribe arcs croſſ- 
ing at o. Biſect aoinn,—With, 

_ centre o, and radius on, croſs 
the two arcs in c and p.,—Then 
draw AC, BD, CD. + 


— 
— 


k 


PROBLEM yn WC FopRney” 


- To 2 ſti a ReBangle, or a Parallelogram, of 4 Gives 
; Length and Breadth. : | 


Place BC ee een 88 D, 8 
A3.—With centre a4, and rat! ͤ | | 


| dius Ac, deſcribe an arc— 
; With centre o, and radius a4. 5 
deſcribe another are, cutting 2 
the former in p.— Draw add — 
and cp, and it is done. | B: i" 


E 
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Note. In the ſame manner is deſeribed any oblique 
Poe ng wi only drawing xc, to make the given ob- 
ique ye with A B, nad of PET eee to it. 


P RO B L 1 M "=> 1 


El | 


7 0 male Regaler Pentagon on 4 ; Given ; Bike ABs . 
Make Bm perpendicular and 


equal to half az.—Draw am, 
and produce it till mn be equal 
to Bm, — With centres aand B, +/ 
and radius zn, © deſcribe! ares 
interſecting in o, which will be 
the centre of the circumſcribing 
circle.—Then. with the centfe . . 
o, and the ſame radius, deſcribe eee 
the circle ; and about the cir” * 

a | cumference of it apply 43, the 

=—. propes made of times. 


E | nother, Method. t 


Make um x errend. 
cular and equal to AB. 
—Bifect AB. in n; then 

with the cent n, and 
radius nm, | croſs AB 
produced in o. — With a 
the centres A and g, and © 

radius Ao, deſcribe arcs 
interſecting in p, the 
oppoſite an gle of the 
pentagon.—Laſtly, with 
centre p, and radius a3, | 
croſs thoſe arcs again in c and E, the dy ORE ; 
of the phe hr draw the . hays rer to angle, 
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A Third Pe nearly true. 


On the centres 4 and 3 
8, with the radius as, | 
deſcribe .two circles in- 
terſecting in m and n. 
—— With the ſame ra- 
dius, andthe centre m, 
deſcribe ra0Bs, and 
draw mn cutting it in 
o. Draw roc uu 
sog, which will give 
two angles of the Pen- 
tagon. — Laſtly, with 
radius as, and centres 
c and x, deſcribe arcs 
I in D, the 
other angle of the pen . 
0 nearly. * 
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To make a Hexagon upon c Ein 4 £7 ; q . 


* 


1 a tn 97 ar oft "FRY 8 
Wich the radius AB, ane 48 5 1 9 
| r 220 14 
the centres 4 and 3, deſcribe eee } Tay Hay 
arcs interſecting in 0Þ—With .. „ 
the ſame radius, and centre. 4 | 
deſcribe a circle, which will, 8 
circumſcribe the hexagon. 


Then apply the line as fi N. "1 36 * 


times round the circumference/, 11 
marking out the angular points; 4 Wee HP 
and connect them with right | of r 

lines. 5 : bo PH » x #7} E * +0 ar 
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PROBLEM | XXIV, 


75 ds an Octagon on @ Given Line A Bo. 


*Ereft ar amd Bt 3 s 
pendicular to - an, — F E 
duce as both ways, and 2 whe 
biſect the angles mar ante ff, 
pBE with the lines AH and 8 ä 

(, each equal to Ap.— 3 
Praw cp and u parallel 1 i 
to AF, or BE, 705 each * * 1 
equal to AB. With radius 332 
AB, and centres G and D, / 1 1 "i F 


eee ; 4 


croſs 'Ar . and E in 1 — 
*. —Tben Io Ar, FE, *. | .m * A. \ | 


| PROB LEM 700% 5 Wee? 
27 mate as Regular Polygon on 1 4 * Line A B. 


Draw 40 and 80 making 
the angles 4 a N each 
equal to half the angle of 
the polygon— With the cen- 
tre 0 and” radius oa, de. 
ſeribe a circle, —T en apply **_ wy 'L 

Ws - line. An continually 1 . 

und the circumference 1 5 11 
proper number o Ae 

it is done. | _— 


1 1 The angle = an 1 7 which the 
anghts! oa and ue 1 4 pa gov 0 half, is found 


n the er ht by the. 1 


- 
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ſides, and the quotient will be the angle at the centre 
o; then ſubtract that from 180 degfees, and the re- 
mainder will be the angle of the polygon, and is double 
of O AB or of oA. And thus you will find the fol- 
lowing Table, containing the degrees in the angle o àt 
the centre, and the angle of the pölygon, for all the 
regular figures from 3 to 12 fides, n, 
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tices |} Iygon* Warts 
" P36 5 PY'YE ſ centre polyg. OrOB A 


24s, 
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i - Teagen'' + HR FBS T0 oe 3 
[ Tetragon 9 f 9 f 45 


3 

7 Pent 08 

. emagon *- 2 (108: vai} 5: 

6 f Hexagon * 4-8 85 1120 1 a 22 

7 Heptagon 517 1283 642 | 

8 | Octagon | 45+ 433 

£1 "Nonagon 40 | 

| 10 | Decagon 

| 2 | Undecagon | 11328 
. 12+ | Docdecagon 230 50. 75>} 
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Wink . 4 23.909 n 
. Noba Mn. 
Th a Given Circle to Inſefibe any Regular Polygon; or, ts” 
divide the Circumference into any Number of Equal Party. 
e che left figure) © e 


At the centre o make an angle equal to the angle at 
the centre of the polygon, as contained in the third 
column of the above table of polygons. Then the 
diſtance A will be one ade of the polygon } which 
being carried round the circumference the proper num- 
ber of times, will complete the figure. Or, the arc 
A B will be one of the equal parts of the circumfer- 
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Anotber Method, nearly true. 
Draw the diameter A5, | _— 
which divide into as 3 
Fm, parts: R figure . 
ö 1 ar the radius A8, ö 
| centres a. and /B, deſcribe 
ares eroffing at n; from whence 


draw nc through the ſecond A . 
diviſton- on the 0 N 6 - 


we Ac be a lids f {the poly 
e e e 


b 1 160 . its | Auel. 7 Ae Aill nearer. 


; Divide the diam ter an into 
as many ql 1 2 as ”m de 


duee till mu be three-fourths of 

the radius om. From n draw +» 
nc through the ſecond Sivffion 44 
of the diameter, and the line 
ac "will be the fide of the 
polygon ſtill nearer than before; 
or the arc NT one be the mir ' 
: 42 Polls iO: W. Ys cp! 8 


e e e 1 22825 aun. 


perpendicalar vm, which Iz 


a 


3 Find AN LR 3 15 p, ji # 
as in the laſt problem; to which 
, draw radii mo, no, &c,. to the _; 
centre of the circle. — Then 
| . through theſe points, my n, -&c, . 
and perpendicular to theſe radji, 
draw the ſides of the Polygon. 
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r XXVIII. 


To fd 76 Centre of a Given Polygon, or the Centre of its 
In ine or Circumſcribed Cirele. | 


Bife& any two ſides with the 
perpendiculars mo, no; and 
their interſection will be the 
centre. — Then with the centre 
o, and the diſtance om, de- 
| ſcribe the inſcribed cirele; or 
wa the diſtance / to one of the 

"gles, as A, deſcribe the cir- 

cribing enrale,” 


"Now, This method will alſo creates a 9 


| about = fen e TOW 
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ANG PROBLEM 


"La Given Triangle to erite a a Cirele #1 


Biſect any two of the .an ive, 
with the lines A0, B0; an 


will be the centre of . Je 


* 4 


— "Then with the centre o, and 
radius the neareſt diſtance to any 
one of . ſides, deſerdds the 
circle, 1 * 


* 3 a 6 VR Fes 41 ; 
* # f 8 
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PROBLEM XXX. 


About any Given Triangle 70 Circa 1 rite a Circle | 


Biſect any two of the ſides NN 
AB, ze, with the perpendi- 
culars mo, no.—With the 
centre c, and diflance to any 
one of the _— FE the The 
"Eirele, 2 . : L 


4 


PROBLEM: tals; 


Ir, or about, 4 Given cs to n, 4 Circ. = 


Draw the two diagonals, of 
the ſquare, and their inter- 
ſection o will be the centre of 
both the circles. Then with 
that centre, and the neareſt 
diſtance to one ſide, deſeribee 
the inner eircle; and with the 
dilance to one angle, deſeride 
the outer circle. "7 | 


LP Oh PROBLEM: XxxII. 5 
| Inj 25017 ne Given Circles un deſcribe. @ Spurs or my 
"4 | \ M W 6971 04m ſt 41 


dere tad. dliameters An, 

per ndicular to each 
Ms en 1 45 their ex- 
tremities, and they will give 
the inſcribed ſquare ACBD,— 
Alſo through their extremities 
draw tangents parallel to them, 
and they will form the outer 
* mnor. ; 


(4 WAL] | Note. 
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Note. If any quadrant, as ac, be biſected in q. 
it will give one- eighth of the W rhphe or the ſide 


of * F ith == 734 [5751 i 
| 1 eie e 18 
. PROBLEM XXxIII. 7 8 Wb Ae | 
"= 4 Given Circle to Inſerits a . a ae, or s/ 
; hay «x 1.58: $428 11 5 
1 The radius ;5the ide of the : f | | 
bexagon. Therefore from ö 
any point a in the circun- 
ference, with the diſtance of 5 5 ; 
the radius, deſcribe the arc - Fl f 
BOF, Then is AB the ſide 4 0 ; 
of the hexagon ; and there- 4 
fore carrying it fix times ' 
round will form the hexagon, C ; N 
or divide the circumference - ; 
into fix equal parts, each 
. © containin 5 0 gegrees.— The | 
ſecond of theſe c, will gwe A e the ade of the e 
or equilateral triangle, and the arc'ac one third of the 
circumference, or 120 degrees,—AIS the half of AB, or 
An is one-12th of the OO or 30 degrees, and 
. che fide of the . ee ee 194: , 14 
: : 44 IS. FL Fo ra KEY IN 54 | ty N 


4 . If 83 to the Gelbe þ ate 3 all.” 7: | 
the angular points of any inſcribed 1 om ml 
ne * a rev ING: ivinW%i; i 
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PROBLEM XXXIVe 


„Guben Circle to Inſeribe a Pentagon, or a Here 


Draw the two diameters 
AP, mn perpencicular bt * 

each other, and biſect the ra- 
dius on at q.—With, the 
centre q, and diſtance — 4 
ſcribe the arc Ar; and with 
the centre A, arid radius ar, 
deſcribe the arc rs. Then M 
is AB one: fifth ofthe circum. 
ference; and as carried five 
times over will form the pen- 
tagon. Alſothearc as biſect. „„ 
ed in s, will give As the FCC 
tenth part nen it en 
_ ence, or the ſide of. * wild: 20 8 

agen. 5 | 


Wolz. Tangente Nang Wer” gien the er 
pe will forms "the crcamſeribing pentagon « or decagon. | 


8 
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PROBLEM: Darren 


N 


SPE W & ae, 2-4 Another 22 5 : | 
| eee, 1 yp 5 „ 
| 7 410 . to %) ht andy ncys 


2469 5 . my 385 Nee 22855 


each other, Then with the 
radius of the circle, and the 
fourertremities 1, 4, J 0 
das Centres, Ge 8 8 T {Rs 
through the centre; of the 
eitcle ; and they will cut the | 
circumference in the points 
bee dividing it into 12 


an arts, at the points 
ed with the mms; Yo 
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PROBLEM. HEY LI; 
| To draw a FANG. Line equal to the ROO Li a 


"4s 11 Gives Cav les 


s 85 13 8 8 R N 
1 * , 


Take in I 23 to 3 times the Ae and } part 


more ; and it. will be ous! to the circumference, voy 
nearly. 


— 


PROBLEM XXXVII. 


To fud a Right Line equal to a Given Arc AR nofa a Circle. 


e the point A and 


the centre draw Am, making 
mn equal to 3 of the radius 
no. - Alſo draw the indefinite 
tangent Ay perpendicular to 

it.— Then through m and 5, 
draw my; fo ſhall ae be 
equal to the arc as ver \ 
ai. 1 
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ode. 


| Divide” 7 "chord AB into B 
4 equal parts. —Set one part | 

Ac on the kc from B3 to 5. 
Draw cp, and the double of it 
will be nearly. equal to the are 
4D. 
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v R 0 B I. E N xXXVIII. a 


To divide 4 Given Circle into) any propoſed N. "ITY of 
Parts by Egual Lines, ſo that thoſe Parts ſhall be mutu- 
«lly Kues both in Area and Perimeter.” 


Divide the diameter AB 
into the propoſed number of 
equal parts, at the points a, 
b, c, &c. — Then on aa, 
ab, Ac, &c, as diameters, 
deſcribe: ſemicircles on one 
de of the diameter a3; -\ 
and on 3d, Bc, Bb, cc, \ 
. deſcribe ſemicircles. on the 

other ſide of tlie diameter. 
500 ſhall the correſponding 
joining ſemicircles divide the given crete ü in the manner 

* And in like manner we may proceed when 

the ſpaces are to be in any given proportion. As to the 
perimeters, they are always equal, r f ”e the | 


Fo oy the 1 | | | 
Fe. „ R O B y E M xXxXIX. n 


EZ make a Triangle Similar ta a ien 253 A be. 


| Let A B be one fide of the 
required triangle. Make the 
angle a equal to the angle A, 
and the angle b equal to the 
angle n; then the triangle 
abe will be ſimilar . 
„ 13 | "a 


NV 


| "Note... If * be aq 3 x: is 
'AB, the triangles will alſo Wot: 531 
be . * e an EX HE os 
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PROBLEM, XL. iy 
20 make a Fi ene Similar "to any other ny ABCDEs. 


75 
fr + r * 


From any 1 a pony | 
diagonals to the other angles. 
— Take ab a fide of the 
figure required. Then draw 
be prall. to Bc, and cd 
to e and de to — c. 


4 


7 


Make the angles at a, b. 
e, reſpectively equal to the 
angles at à, 3, E, and tjñe 
lines will interſect in the cor- 
ners of the figure required. 


. OY e 
Ne e's Re TOR 


| To EY a Complex Figure from one Scale to another, 
Kauai ante _ 15 2 Squares. 


- 


1 . to them, meeting the 


ing as produced in k. Join 5 7 25 1 95 


and pro will be the triangle 
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7 2 - 
* 1 \ - 4 1 £ . 
4 ” — 1 x 2 e . 4 oy 1 * 
x y — 5 E 
1 : U Py 
4 
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* 6 7 . 
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Divide the given figure, by croſs Rnd.” into "ſquares, 
as ſmall as may be thought neceſſary.— Then divide 
another paper into the ſame number of ſquares, and 
either greater, equal, or leſs, in the given proportion. 


his done, obſerve what 1: uares the ſeveral parts of 


the giwen figure are in, and draw, with a pencil, ſimi- 


"Ano in the correſponding ſquares of - new Bgure, | 


ſo proceed till the whole is copied. 
"PROBLE M XIII. 18 0 
7 Fg a Triangle Equal to a Given T raperiun ABCD, 


Draw the diagonal os, 
and CE. parallel to it, meet | 


9 {+ * 144 
t 


* 


—— = 1 


vp; ſo ſhall the triangle 


Ab be equal to the trape· 
13 An. If. hoe. 


? 0 


1 BY: * 1 3 1. E 1 E 17 ASE Gu — 1 —— 1 
Toa "> rs Equal zo hy ancbza. | 4 
2 the 1 DA, f 


ph, and the lines Er, c 


e AB, both ways produced, 
in r and 6,—Join. DF, be; 


required, 8 to dog Lips 


A ABCDE. 90 ee 3 2 dae e hotel 


l . f 4 ; ; 0 Wore.” 


VER 
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Vote. Nearly in the ſame manner may a wind be 
made equal to any * figure whatever, 


PROBL EM XLIV. 


To make a Ti Wage 4 ual to 4 Given Circle. 


Draw any ra- 
dius A0, and the 
tangent AB per- 
pendicular to it. 
"IP which take 

equal to the 
une of the circle by Problem xxxvI.— . 
Bo; fo ſhall ABO be the triangle N equ 
the . circle. 


PROBLEM XLV. 


To wake a rana. or a 888 Equal 0 4 Given 
Num“ 40. 8 


Biſekt the baſe | a ine is Gn 
Through c draw. cno pa- 
rallel to as.—Through m 
and B draw mn and Bo pa- 
rallel to each other, and 
either perpendicular to AB, 
or making any angle with it. 
And the rectangle or nt 4 Fg 
logram mnos will d 3. adit Ine 

to * ranges as ried. E. 29th 


* 
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"PROBLEM XLYI. 
To wel a Square Kr to a Giben Refangle ABCDe - 


Produce one ſide, AB; till 
'BE be equal to the other | 
fide Bc;—Biſet at in o; 
on which as a centre, with 
radius ao, deſcribe a ſemi- 
circle, 111 produce Bc to 
meet it at IO aß 

the ſquare nron, and it will be-equal to the rectangle 

Ae, as required, 


Thus the circle and all right lined figures, nv 
been reduced to e uu, 1 


PROBLEM: XL VII. 
To make a Square Equal to Two Gives » Squares r P wht * | 
ee two ſides AB, BC, of © | | 


given ſquares, 
__ to each racy jon. 
their extremities 40; 


ſhall the ſquare x, — 3 
ſtructed on ac, be equal to 
the two r ne + 04 3. 83 


b 


5 ; Wane? q Cities or any W gmilar e are 
added in the ſame manner. For, if as and ze be the 

diameters. of two circles, ac will be the diameter of a 
circle equal to both the other two, And if AB n 
nc be the like fides of any two ſimilar figures, then 
'Ac will be the like fide of another ſimilar figure equal 


to both the two former, and upon which the third oy 


| 1 157 be conſtrued by TOS: XL. 
7 ra- 


Fe ' FRACTrcATL GEOMEZ TA.. 


. PROBLEM XLVITI.. 


To make. a Square Equal bs. vhs Difference between rr 
FSeiuves Squares r, x. 
5 Sow (Ste the laft Hure.) 
on the ſide ac of the greater ſquare, as a diameter, 
deſcribe a ſemicircle ; in whieh apply as the ſide. of 
the Jefs ſquare.— Join ze, and it will be the fide of a 


ſquare equal to the difference between the two ? and by, 
as required. 8 


ES 4 : 


* 


| PROBLEM, -XLIN>. 
FW 1 $5 


25 . ics Equal to. the 1 2 any Number £4 
CCL PEE 03 5 715 152 Iguares taken ous 1 THIXE- 


Dv two indefinite Ii ines d abet tet wy a 
Jing "at. perpendicular to | 4; . ; 4 3 E 36 ca & 
each other at the point 4 


On the one of theſe ſet off 
AB the fide of one of the _—- 

given ſquares, and on the © 
ar Ac the fide of another " pas 7 
FE. ¾ c „„. 
will be the lie of a ſquare m D B So 
equal to the two together © OE 2 24 

Then take ap equal to Bc, and Az equal to the de 
of * third given ſquare.” So ſhall ps be the' fide 
of a ſquare TT to the ſum of the three given ſquares. 
AE on continually, always ſetting more fades of 
the given aries on the line an, and the ſides of the 
ſucceſſive Huge on the other line am. 


g 

if 4 74 . 
a 0 

* 


3 


2 


N Aud tus kby anmber of of any emet figure 
1 be an ts e | 


* 
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| PROBLEM L. 
To make Plane Diagonal Scales. 


ere ee 
e e 6 ee | ITE — 5 
R | 
[LTD 0 —— _ 
ELLE CLE ED - — — 
i WP. e e e e e RE — - 
4IIITTITICICT 05 — 
ah 2 B09 2 ff Th 8 OPIN AE — — 8 
2er. — — 
| 1 eee Ls — 
„„ e e eee — — 
8 6 4 2 0 1 1 3 2 ; ** 3 


Draw any line, as as, of any convenient Jeng th. 
Divide it into 11 equal parts *. Complete theſe into 

. . rectangles of a convenient height, by drawing parallel 
and perpendicular lines. Divide the altitude into 10 
equal parts, if i: be for a decimal. ſcale for common 
numbers, or into 12 . if it de for feet and - 
inches; and through theſe points of diviſion draw as 
many parallel lines, the whole length of the ſcale.— 
Then divide the length of the firſt diviſion ac into 10 
equal parts, both above and helow; and connect theſ⸗ 
points of diviſion by diagonal lines, and the ſcale is 
finiſhed, after being numbered as you pleaſG. 


"3 


Note." Theſe diagonal ſcales ſerve to take off dimen- 
ſions or numbers of three bares; If the firſt large di- 
viſions be units; the ſecond; ſet of diviſions along ac, 
will be oth parts; and the diviſions in the altitude, 

- along Ap, will be 100th parts. If cp. be tens, Ac 
will be unit, and a b will be koch parts. If en be 
hundreds, Ac will be tens, and Ap units. If cs be 
thouſands, Ac. will be hundreds, and a will be tens. 
And ſo on, each ſet of diviſions being tenth parts of the 
e e . pl N 1 ths | > 3 TY off , | 
For example, ſuppoſe it were required to take off 2423 
from the 7%. "4 F 57 foot of = — at 2 = 


the, greateſt diviſions, at the bottom of the ſcale, and 


Only 4 parts are here drawn, for want of room. . 
54 ; = ONS : 45" . * 75 ; 5 wy | + exten 


1 * 


3 


* 
2 
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extend the other to 4 of the ſecond diviſions, along 
the bottom; then, for the z, flide up both points of 


the compaſſes by. a parallel motion, till they fall upon 


the third longitudinal line; and in that poſition extend 


the ſecond point of the compaſſes to the fourth diagonal 
line, * you have the extent of three figures as re- 

ired. _ | 

Or if you have any line to meaſure the length of. — 
Take it between the compaſſes, and applying it to the 
ſcale, ſuppoſe it fall between 3 and 4 of the large divi- 
ſions; or, more nearly, that it is 3 of the large divi- 
ſions, or 3 hundreds, and between 5 and 6 of the ſe- 
cond diviſions, or 5 tens or 50, and a little more. Slide 
up the points of the compaſſes by a parallel motion, 
keeping one foot always on the vertical divifion of 3 


hundred, till the other point fall exactly on one of the 


diagonal lines, which ſuppoſe to be 8, being 8 units. 


Which ſhews that the length of the line, propoſed to be 


meaſured, is 388. 
PLANE SCALES FOR TWO FIGURES. | i | 
81 RY | 1 1 7 


. 4 & 3 a — 5 5 I 
1 8 84 2 0 FTT. ISS ; 


bY x0 1 


10 F 2 
— = —— — 1 fo 
* Tad Ned ie LR 
N = ay = oe 
2 LN 1 
| 2 0 LE 1 


I The above are three other forms of ſcales, the firſt 
of which is a decimal ſcale, for takin off common 
numbers conſiſting of two figures. he other two 
are duodecimal ſcales, and ſerve for feet and inch 
F604 N Fl e | 


Theſe, | 


DB 
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Theſe, and other ſcales, engraven on ivory, are 
_ Atteſt for practical uſe. And the moſt convenient form 
of a plane ſcale of equal diviſions, is on the very edge 
of the ivory, made thin at the edge for laying along any 
line, and then marking on the paper oppolite any divi- 
fion required: which is better than taking lengths off a 
ſcale with. compaſſes. : AJ 


* 


5 4 a 33 
$ 4 . S Je he 
% - a 8” 
P — a. * I - 


-- Note 1. That in a circle 
the half chord p c, is a mean 
proportional between the ſeg- 
ments A p, D of the diame- 
ter Ag perpendicular to it. 
That is an: D075; boo 


oF % 


W's 191 e „ 

2. The chord ac is a mean proportional between 

AD and} the diameter AB. And: the chord sc a mean 

proportional between pz and ass. 
at is, AD: Ac: : AC: AB, i 


erg BB FEE of Wn y 
3. The angle ac , in a ſemicircle, is always a right 


le. | 3 | 1 
"IG The ſquare of the hypotenuſe of a right-angled - 
—_ is equal to the ſquares of both the ſides. | 

hat is, Ac“ = ap* T. cb, 1 | 
555 and a | 
and An = ac + Bc. . 
Fr 8. Triangles that have all the three angles of the one, 
reſpectively equal to all the three of the other, are 
called equiangular triangles, or ſimilar triangles. 


* $ 


6. In'finilar triangles, the like fides, or fides oppoſite | 


net = B0*..+ Dc*, ...- 


.the . angles, are proportional. 
© 7 | 


aces, of ſimilar triangles, are to 


:. The areas, or 1 v9 | 
each other, as the ſquares of their like fides, 3 


9 OR 


M E NS UR AT ION 
S UPE RFI C IE S. 


* 


— — * 


\HE area of any, figure, i is the meaſure of its ſur- | 
face, or the ſpace contained within the bounds of 


- the Carface' without any regard to thickneſs. 

The area is eſtimated by the number of ſquares con- 
| tained in tlie ſarface, the ſide of thoſe ſquares being 
either an inch, a foot, a yard, &c. And hence the 
'area is faid to be ſo many ſquare inches, or ſquare feet, 
or ſquare yards, &c. 

Our ordinary lineal meaſures, or meaſures of length, 


ate as in the firſt table here below); and the annexed 
table of ſquare meaſures is taken from it, by ſquaring: 


the ſeveral numbers. | | 
Lined 4s ures. Ex bd are Meaſures. 

12 inches / ERC : - e i foot 
feet iy] . 9 feet +. 1 yard 
feet , 1 fatom 36 feet . t fathom 

e 161 feet, or] 1 pole 2725 feet ,1 pole 

su yards | | or rod or 30 yards or rod 
40 poles | 1 furlong 1500 poles . x furleng 

8 ee 1 mile a i 5 x mile 


P R o- 


#' 
{+2 

* 4 
+ 
$; 
2 
i 


uin vun irie 


N PROBLEM ho 


. To find ak 15 of a | Parallelog am ; whether. it be @ 


C 
* 


Sguare, a Kal, a Rhom us, or a R homboid,- - 


Multiply the len gth by the breadth, or perpendicular 
MR and the pr _ will iy the area. pe 


* 


y * * us. . 


„„ 


I. To find the area of a 7 7 725 whoſe fide i is 6 inches, 
hi es 7" 


. — * 
» * s * : 
Gs 4 4 . £4 * 
1 - 1 * 0 Is. Sf d ar; oy + 
; 4 - 4 : 
HTN TIC TT PL 1 y 
FI. ths + - © 8 va * * 7 L + 
x F 4 
2 * A 4 > 103 "5 * * * * N 1 * * —— — 
; * 4 0 8 
7 N 1 28 
N bh „ 
3 


2. To find the area of a rangi, whoſe eng 1s 95 
and breath ome or e | 


* — * 1 * 
: 1 : ; 
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3. To find the area of a rhombus, whoſe length is 
| 6'20 chains, and dee $*45- 


4 
+5 . | 8 5 | | 
« — . . . . * — 
2 ** * * 
A f z 1 
5 o 


G. , * : : 
. * 


— T A r 5 : a 
FT 10900 Mee 1 723.4 * 
e E i 1 | 4 
e 
3370 
TS | . 
— | 
I*5;16 . be he 9 Fo 4H 5 


20· 40 AG acres, 1 mh 20 perches. 


— 


+ 


ge 


e Het che ſnare chains are divided by 10 to 


bring them to acres, becauſe ten ſquare chains make an 
acre. Alſo the decimals of an acre are multiplied by 
1 for roods, and theſe by 40 for perches, e e 
1 I acre, 40d 49 ponanice;3: rogd-'- 


4. To find the area of the chomnb6id; whoſe length is 
12 feet inches ee 1 


* 


1 F 1 2 A 
1 
; : Wa Pe 
5 4 2 5 
1 


„ 


r 3 wr ew. 


8 


g6 * nb NS nA 


5. To find the area of a ſquare, IY fide is 35* 25 | 
chains. Anſ. 124 ac 1 10 f perch, 
6. To find the area of a 'parallelogram, whoſe length 
is 12'25 n, and breadth 8-5 chains. 

1 Anſ. 10 ac 1 ro. 26 perch. 

7. To find the area of a rectangular board, whoſe 
length is 12 · 5 feet, and breadth q inches. Anſ. 9d feet. 

. To the ſquare yards of painting in a rhomboid, 
whoſe ae 37 feet, and breadth 5 feet. 
Anſ. 925 s yards, 


eee 0h 


r= *. o find the dres of « 4 Nb. ; 


| Role 1. Multiply _ the baſe by the 0 
height, "Rind wana tar > ord 


L . ; 


q T7 : 

10 Nel 2. When the three des 8 given 2 Add 

the three ſides together, and take read the ſum; from 

the half ſum ſubtract each fide ſeparately ; — 1.4 

the half ſum and the three Frans e. continually to- 

85 and the ſquare root of the laſt te will be 
_ ene, 5 


bh 


md er» 44 ww * 


(NNE 


1. Required the x area of the triangle, whois baſe i uh 


; ag _ 9 1 5 Mes. . 


r 


„ r 8 97 
; COS EEE 00 nn 
* . 5*20 | Wu | 
| 125000 | 
n 3125 
e 32· 5000 > 00 
„ 8 
2 50⁰ 
, # 
A ke 2 ro > DS ks” 1 
2. To find the number of 2 yards in the cnt 
whoſe three fides are 1 3, 14, 15 feet. 
FS. | 
A I4 1 f ; 
. 
* * 27 2 02 
8 1 14" Is; 6 25 
rem. * 7 6 126 wht 
E ' 88>. 
8 5 4 
6 (ye feet 8 
Fl 705 + 9 
| 64 95 1 yds 3 


—— 


98 M* * A 


A 


3. How, many ſquare yards i in a right-angled triangle, | 
whoſe baſe 3 is 40, and perpendicular 30 feet? 
| Anſ. 663 ſquare yards. 
4+ To find the area of the- triangle, whoſe three ſides 
are 20, 30, 40 chains. Anſ. 29 ac o ro 7 per. 
5. How many ſquare yards contains the triangle, 
whoſe baſe is 49 feet, and height 1 feet? : 
{. 6843 or 68- 7361. 
6. How many acres &c. in the trian gle, whoſe three 
fides are 380, 420, 565 yards? Anſ. ꝙ ac oro 3B per. 
7. To find the area of the triangle, whoſe baſe. is 18 
feet 4 inches, and 3 11 feet 10 inches. 
Anſ. 216 feet 11 inches 4”, 
8. How many acres &c. g the trian ngle, whoſe 
three ſides are 49*00, e 1 Aut chains? 
| | 61 ac 1 ro 39*68 per. 


HOY 
f 11 


* 
PROBLEM A | 10 


To fol one - Side 5 4 Right-angled 8 3 
| other two Sides es. 20 ; 


2 The es of the hypotenuſe i is * to both the 
| ſquares of the two legs. Therefore, 
1. To find the hypotenuſe; add the ſquares of the 
ou legs together, and extra the ſquare root of the 
Tum. 5 
„ find one leg; ſubtract the ſquare of the other 
| leg from the ſquare of the hypotcanls, 20d ern the 
4 root of TEE. L : 


4 os * 


9 75 z A1 . 2 


| 2 Be quired the potente W's a n triangle, 
is 40, and e 30. | 
40 


. 
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4% 30 
„„ C 

4 | | 1 eg od s 

1600 #. 4 0 : 
2500 ( 50 the hypotenuſe ac R 


* 2213 oo ant „ 821 175 , 3 
2. What is the perpendicular of a right-angled tri- 
angle, whoſe baſe as is 56, and hypotenuſe ac 66? 
ges W. | 5 7p 5 
„ e 
FF 
5 
- 280 ' 390 
3136 _ 
* NO 


; 1089 ( 33 the perp. 2c. 
bs 9 » o 
> Coon 
2 41-54 ene 


Is * 


3. Required the length of a ſcaling ladder to reach 
the top of a wall, whoſe height is 28 feet, the breadth 
of the ditch before it being 45 feet. Anſ. 53 feet, 

4. To find the length of a ſhoar, which, ſtrutting 12 
feet from the 1 0 of a building, may ſupport a 
Jaumb 20 feet from the ground. Anſ. 23*32380 feet. 

5. A line of 320 feet will reach from the top of a 

precipice, ſtanding cloſe by the fide of a brook, to the 
oppolite bank : required the breadth of the brook ; the DS 


height of the precipice being 103 feet. — | 
jp ORs Way! e EGO EC 
GL F 2 „ 


400 MENSURATION | 
* 
6. A ladder of go feet long, being placed i in a ſtreet, 
| reached a window 28 teet from the ground on one fide ; 
- and by turning the ladder over, N removing the 


- foot, it touched a moulding 36 feet high on, the other 


fide 9 the breadth of the ſtreet. 


om ont ur Ree» 
o 
* ö "4 


PROBLE M. 1 ©7 
To find the, Area of a 3 


Nr. 


will be the area. "FT 
E A M P I. E 8. 


23 1. In a trapezoid, the parallel fides are as 7*5, and 
doc 12*25, and the perpendicular diſtance: Ar or en is 
5 15˙4 chains: required the area. 85 55 


* 


\ "> 
43a 25 r 
0 Fl 7 
„„ Bn 
| T1574 Wes gd 1 8 1 
| 7900 x $ 
VV y 
! | — | 5 % 
W | |: eee eee ee 
3 3 5 W LY, | 
| 5 Wars). J An. e or 3 + perks 
SH „ $500 "p49: \ „ 


«4+ eee 8 
2. How many ſquare feet contains: the "FE 554 
+ length i is 12 feet 6)txches,. the breadth at the greater end 
1 owt II and at the leis end 11 inches 
p Anl. 1324 feet · 


I 


Ani. 56. 1233335 feet. 


| Multiply the ſum of the two parallel ſides . the per- 
pendicular eee . and half the e 53 


* 


rene 
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3. Required the area of a trapezoid, the parallel ſides 
being 21 feet 3 inches, and 18 feet 6 inches, and the diſ- 
tance between them 8 feet 5 inches. | 
. | Anf. 167 feet 3 inches 4 60. 
4. In meaſuring along one fide an of a quadrangular 
field; that ide and the two perpendiculars upon it from 
the oppoſite corners, meaſured as below: required the 
— Anſ. 4 ac 3 r 17492 p. 
„chains | ae | 
41 110 


s FI 


e : 

AB =:11*10 6 

PC 3˙62 | 5 4 
} CP 8-595. -- Oy B 
„ 08 $40 26.999 $0595, 43484 92 
21} D113 ee "204 


PROBLEM v. 


"TIE, 1 Aud the Area of 4 7 rapexi zum. i 
. | 5 14 


CALE I. NE 


Poor any Trapezium. 


Divide it into two triangles: by a diagonal; then find 
the areas of theſe triangles, and add them together. 
Noe. If two perpendiculars be let fall on the diago- 
nal, from the other two oppoſite angles, the ſum of 
theſe petpendieulars being multiphed by-the diagonal, 
half the product will be the area of the trapezium. 


e eee eee Ig 
5 : When the Trapez: um can be inſcribed in a Circle: 

Add all the four ſides together, and take half the ſum, 
and ſubtract each fide ſeparately from the half ſum; 
then multiply the four remainders continnally together, 
and the ſquare root of the laſt. product will Be the area 
of tie tiapezium. 22 50.) 12h 7 nd 
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. To-find the area of the trapezium a, the 
diagonal ac being 42, the e NE: F415, and we 
. DE 16. | 


— 5 A 
* * * 

- 
; 

a 


Fi 2 1428 a ö » | . | | . 4 — 52 5 
nt be er. 0 PEP 
2. In the trapezium azcp, the fide AB is TY ne 3 
en > Uh AD 12, {0 4 gent acivr6; required the 
Her 16 „ Ac 16. ICT fi 
N „ * _ ep 4 * 
Ne” 13 „„ 0 ONS CAL 
: 1 2 544 8 a 6 IS 2 ) 42 5 | 3 | 
RIG e 5 r 
as 87 #36: . mags: e 3 14 as 
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© o# 1 g . 2 E 8s N 1 7 . F 1 6 4 8 1 1 7 * "1 5 | y A 
fo. | ; — 85 6 5 8 n . : : 1 7 Py Fg 
+ N » 1 ; 4 
#5" | K 6 » 1 4 ef y ; * . k 8 
£ =" 756 £5 | f 2 5 4 * > 5 * ni 1 mrs 
” 75 2 7 6 A 1 * * : x * eh; N 1 0 0 12 2 f 8 4 5 . - 
IF F » 9 
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POTS igri  Gng (8143386. w 
=X 3 8 „ „ The 
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The triangle ABC = 54 1921 
The triangle apc = 1*3326 
The trapezium ABCcD 172*5247 the anſiver, 


3. If atrapezium can be inſcribed in a circle, and, 
have its four ſides 24, 26, 12 303 n its area. 


30 28 : 26 24 
28 Nd 
840 104 
52 f 
624 
Z — «840d 
. 24960 
4992 


524160 ( 723 · 9889488 anſwer. 1 


4. How many e yards of paving are in the trape- 
zium, whoſe diagonal is 65 feet, and the two perpen- 
W let fall upon it 28 and-34*s feet . 

Anſ. 2227/1 yards. 

„What is the area of a Ege whoſe ſouth ide 

1 27 40 chains, eaſt fide $*75 N N north ſide 3755 

chains, weſt fide 41.05 chains, and the agenat | rom 
ſouth-weſt to north. ealt 48.35 chains? 

Auf. 123 a0 oro 17“ 8672 per. 


F WEE 6. What 


* 1 o o 
i 2 $-< =S —. ey _ — . a 2 * = id 
w_ A * come — "OY — 22 ey, — 53 a mt Fu} _—_—— ry ws = * *. 
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1. 
5 
95 
* 
by 
* 
4 
4 
12 q 
4 
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* 
* 

* 
as) 


10 * NA r a 
6. What is the area of a trapezium, whoſe diagonal 


is 1082 bert, we the perpendiculars 56X and 603 feet ? 
Anſ. 6347 feet. 
What is dhe area of a trapezium inſcribed in a 

circles, the four ſides being 12, 13,14, 15 ? 

Anſ. 180r9972372: 

8, to the Har Wed field apcD, on account of ob- 
ſtructions in the two fides AB, cb, and in the perpen- 
diculars BF, DE, the following meaſures only could be 
taken, namely the two ſides pc 265 and ap 220 yards, the 
diagonal ac 378 yards, and the two diſtances, of the 
perpendiculars from the ends of the diagonal, namely 


AE 100, and er 70 yards: required the area in acres, 


when . ſquare A 2 ag an acre, 1 
Anſ. 17 ac 2 r0 21 per. 


* 10 LEM Tis. 
To find the Area of an Irregular Polyor. 
Draw diaganals dividing the figure into trapeziums and 


triangles. Then find the areas of all theſe ſeparately, 


and their ſum. will be the content. of the whole irregular 


| _ 


1 X'AMF A'S. 


ee e find the content of the irregular 8 
ABCDEFGA, in which are. given the ng — 
and . : namely | 


* 
—UU—ü—ä—ẽ — é 
. 
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: — EIEEY ; | 
25 : , = 4 
* ; 2 LI A 
Fr % : : F CE a Ws 
4 , : * : x 4 
. * 
* * "Y 
5 ra VII... 
1 
; \ : 


® ” : * 9 fa 2 * W T CHO 
o* 's:U-P'ERFI'CIES. "Fog. 


. 3 nnn ar 


5 it, bp 1 
For frapez. ABCG. 


CD %%% %% 


2d, 34, we 
or trapez. BET. For Gang 6 ob. ' 
— 22 —— (gin | 
| 17 fy een, 
. 220 Ty [138 
. nne 
4 Ea e, * 
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EN * 1 Cale — be NE * 27 m 2. — > et 9 — POS * * Ng Pi — 
8 — 2 "go gre 1 . 


_— 


— e en e 
1705 DP BP, bes * rayon) 4 ard 
(5808/49 donþle\ ern 8 

1012" double op. | 


jc 25757 double the vel. ob brfipel as; 
2 by > - nene 5 1 1 * *. . 5 
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* e the « Area of a Regular e. 9 


- on $ * * . A. 
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Multiply the perimeter of- the figure, or Thar of ts 
 fides, by the perpendicular falling from its centre upon: 
one of Its we, ad ** the e Will be VO 


4 


E * UV LE Fo 2 | * 


8 the ade of the polygon ; mutriply that hs "x 
by. the — ſet againſt its name in the following: | 
Now TOE produ wiltbe the area,” | 


SW ou er Rr * 


Fc. 


4% 


nn 4 
Ws 


{No off, n ad 
1 8a Names. ] Nultipliers. 
Fg EMT TG. 24 0 19501000. SETS ET 


Trigon or equ. tri. 
Tetragon or OP”; 


04330127 | 


Pentagon 
Hexagon 
5 Heptagon 


Nonagon 


_ 


ow O N 7 


Undecagon 
* 


; » © 


| Decagon 2 


1 1*0000000 


36339124 
48284271 


61818242 


J 293656399 
$1 11 1901524 


177294774 
Z 225980762 


15 5 769420 8 = 


5 1 


EXAMPLE 8. 


1. Required the area of the regular deten whole 


| ade AB is 25 feet, and de ce 172047737 · 


By the 1ſt Rule. 
902 eee Perp. 
125 Fal. 


2) ac 06750. c 
075 099475 ® and. 


K 


** 


„ . a. 1 Ren 


e Rub 8 ; 
% Then it be, TE 
; 1771 "T7 625 | 
| 125 | | 5 92 
1 1 ; 34499548 
e ons, 103228644 
„ 1075-2983750 6 
WT. 2 7 2 L 0 


2. To 


that the ſquare of the longeſt 


RR, > $SUPERFICHIES, 107 


2. To find the area of the hexagon, whoſe fide is 20. 
5 | Anf. 1039'2 304. + 
3. To find the 3 area of the trigon, or equilateral tri- 
angle, whoſe fide is 20. Anſ. 173*2052. 
4. Required the area of an octagon, whoſe fide is 20. 

Anſ. 193137084. 
8. What is the area of a decagon, whoſe fide is 20? 
Anſ. 3077 68352. 


o LM: TH F431 


In a Cirenlar Arc, having any two of theſ* given, to gad 
the reſt; namely, the Chord AB of the Arc, the Height 

or Verſed Sine DP, the Chord AD wy e Arc, — ; 
the Diameter, or the Radius Ac or op. 


Here will always be given 
two ſides of the right-angled 
triangles, Arc,  ArD; and 
therefore the other. parts will 
eafily be found from the pro- 
perty in Problem 111, namely, 


| fide, is equal to the ſquares of _ So: + r 
both the two ſhorter added to- : | 
; gether. ; 8 


Thus, if there be given the radius, and che chord „ 
or its half Ar. Then / ac* A Ser; and 5 
cP = PD ; and Ar + PD? = AD. 
Again, when the radius, and height vp are given. 
Then cp — py = er; and /e α A. 
And when ay and ep are given. Then, as Dy: ya; 


PA?, PA? 
f 2'CD P 2 and 2CD = [:. 

8 + 80 = 1 20D PD + PD; 
[ . * 4 \$4 'T 
| E X A M P LE s. | 
. Ses the radius Ac or cb to de 10, | and the 
| Ra chord "AP 11 i : 
19 CCC 


— 


e e ee eee ee A ts HP er er a AAS 4 


1086 * A 


wtf = AAP T 56 = 6=er: 3. 
and ov = r = 10 4 =; 1 eB 4 
and r a+ 04+ 64+16=4/80=8: 94427] 101 Ab. 5 
Ex. 2. If the radius be 10, and ep 4. = | 
*Then ep — DF = 10—4=6 = er; © 143 ; R 
and /A — cp*= 4 190 — 36 = 64 8= Ar. | 
Ex. 3+ When AP is 8 and DPF 4. 


3 PA = 6 . | 1 
Then- _— === 16 e + ep. | 
- =46 * ber or en. 10. 


1 PROBLEM Ix. 


3 To To fil the Diameter and. Circumference - of a are mew 
| 22 2p ene. from the . | 


Annes es ortho hop oo TREE 3 
| As is to 22, ſo is the diameter to the FINE PTC AAY + 
= As 22 is to 7.5 ſo is the circumference 1 to the diameter, 4 


4 8 „ 


8 > U 2+ AND 7 + EW 
8 is to 35 5, ſo is the e to the enn, | 5 


1 


1 * As 35 5 is to 1135 ſo is the circumf. to the diameter. | 

| 7 KT ho.” | 

| As 1 is to 3 11116. 10 is the diameter to the . | , 
4s 3:14 10 18 N ſo is the circumf. to the diameter. | 


4 k 1 2 2 2 — 83 


| Dx X AMP DES. | 

a ro find vb! circumference of a Bonny: * whoſe dia | 
| | | meter AB. is 10 =, | ; 

5 . "By ad. 1. | 

7 72 25 er 


4 121 
ore + 5 BETTE 1 


+2 ee ant, OT 


F a ETD en 


e r EYE s. 109 
By Rae: n Rule ga 


113 e 3H1Ys 1: 3˙1416 : 101476, 
ads the circumference nearly, 
e circumference: 
113) 3550 ( 3741593 being 
"I 31 4159265358979 bo. 


EE 47 oy k 
, ade 4 180 that” the: 24d-rule 18: 
7 neareſt the truth, 
1050 | 76 . Ein vi 
2. To ſind the diameter when the circumference is 50, 
| By. Rule oo 0 5 A & 5 
22 n L = _ = 1522 = 15*9090 anſi. 
355 +1131 50 1571 3 1416: 1; 2 5 © 225 9156 
N 5 | 
le i 31916) ge swiss. 2 
Ac et eee e e eee | 
ee an en 2876 | FF Leh : 
650 | I e 1208 
. 1 1 
925 1 : 2 
350 | . 


35 If the e of the 2 * 70 58 pili, as it 
ig very nearly, what is the e ere ſuppoſing it 
to be exactiy roundꝰ Anſ. 2 g000:8;5 28. miles. 
4. To find the diameter of the globe of the earth, 
| W its Fee to be 25000 miles. 


P N o- 


£ © 795 74 47 
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— — — 


MENSURATION 
PROBLEM X. 


1 5 pp u. the Length of any Arc of a Circly. 
15 „ 
: As 180 is to the number. of degrees i in the are, 
So is 3*1416 times the radius, to its length. 
Or as z is to the number of degrees in the arc, 
So is Tags 36 times the radius, to its length. 


Ex. 1. To find the length of an. arc ADB of 30 de- 


grees, the radius being 9 feet. F: 
* 1 © | be TOTES 

| 9 | * i Dt Fig. 8 
As 180: 30 ff ooo Prob. vIII. 

Or 6: 1:: 282744: 4724 4 

de, * 9 1126 

a FM wr I. ; 2 Ext ; 7 8 

1 4 7124 the ie 

; „ b 3. 


From 8 times the chord of half the arc ſubtract the 
chord of the whole arc, and 4 of the remainder will be: 
the length of the arc nearly. a 
Ex. 2. The chord as of the whole are bees. 4 65874, 
and the chord Ap of the half arc 5349473 ; 282 


9 e of the are. 
33 e 
? 1 ; \ s : «x i * | | 
Þ is ol 755 1 | Fe 
78 3 ĩðÄ 


471234. anſwer. . 


3 8 
4 „ . 


Ex. 3. | Required, the length: of ah arc af. 12 3 
10 — eng 10 feet. Anſ. 2:12348. 


r 


e r 8 ur a 1 10 2 5, 111 


Ex. 4. To find the length of an arc whoſe chord is 6, 
and the chord of its half is 34. a. TY 
Ex. 5. Required the length of the arc, whoſe hd 


is 8, and height o 3. rene, 
Ex. 6. Required the length of the are, whoſe chord 
is 6, a Aer TR 9. "ab; 6*11706, 


® '' 
% 


PROBLEM 1 #] 


—— — „ 


'To find the Area a curl. A 


Tue area of a circle may be found from the diameter 


and circumference together, or from either of them 
alone, by theſe rules following. 
Rude 1. Multiply half the circumference by half the 


diameter. Or take & of the product of the 


-whole circumference "and diameter. | 
Rule 2. e the ſquare of the diameter by 


'F 785 
| Role 3. Muttiply the ſquare of the circumference by 


7900 27988. 
| Rule 4. As 146 11, o in the ſquare of the diameter 
to the area. 
Ra 5. As 88 to 7, ſo is the dr oof the circum- 
ference to the are. | 


EXAMPLES, Ty 5 225 FE: 


10 To find he area of a circle whoſe diameter ; I 10, 


and circumference 31*41 59265. l 
N Rule r. | By Rule . » Rule 4. 
111 
10 n 100 1417100 
area 7 = 7 78˙54 2 57 


8 2 Ty 


M E NS URN 4 Tr O 


27 2 \ 


By Rate 5. * 
3189265. ciroum. 
ring * 
51 94247779 | : 
ans 
1256637 5 


y Rule g. Th 11 46 ff} 
| 4 circ. 986.9604 4 
5 050 ene 8890 . 21 


$77 E 


* * 


73% 151 155 
888264 by 


49348 
2 


„ om, 
8 MS cr #- 
6 — » 


wa 2 OL on 8 16708 
78 78·54231 ares. 5 8 2827 
— Souls 5 63 | 
, Butt od ens 211% % er 
n E . 5 $ . 1 229 n ln 5 N 2 18 . 
2 | By 903. 01 Nr _ 
„ 1287 0 1 vt HT 4 88: . 37) c 
89 Fro 1 8 9 9 1 3211 10 e Ire 79 7 
n Ne 29095: SO 1 — 
enn * uns 10 6908 22308 
: .$6g599938 
| gots %. fo ent ad vl; g8tgo8 ar 5.5 -- 
| "Be. 2. Sb ee the area 'of the circle, e diame- 
| tet ig % and circumference 2k. An. 381. 
EK!x. z. What is the area of à circle, whoſe er : 
_ 4:4, and:crcumnfercnce:3* 1416 ?,- f. 78 54. 
| | 1 4. What is the area.of a circle, whole meter: 


How many. ſquare .yards are in a N whoſe. 


als 


1834 feet? Anſ. 1069. 
E. G. How anf ſquare feet does a circle Confain, 
the circumference wg. 10:9956 yards 2-1 
| 1 8 VVG 86 -19265. 

| 1 . ad fit: 3 
ö 95 find the Area of the Sartor of a: Circle, 
| | ln „„ 
| Multiply the radius, or half the Heer; iy half the 
„ are of the ſector, for the area. Or, take + of ithe pro- 
| duct of the diamtter and arc of the ſectur.. 
$ Note. The arc may be found by problem x. | 
3 5 5 | XUL I 


9 gV,ARPICHES ' 1 


R U L E 2. 


As 1607 is to the degrees in the arc of the dor, fo i is 
the whole area of the circle, to the area of the ſector. 

Note. For a ſemicircle take one half, op, 1 er 
one quarter, &c, of the whole F ö 


EXAMPLE 5. TONE 


1. What is the area of the ſector CADB, > ras 
. being 10, and the chord az 16? 


100 2 Ac. 
| Bo Ky _ AE 


3 06 es N 
10 =cD 


S 


4 DE 


: 16 = dn 
64 = AE® | 


#1 80 (8. 1 . 271 2 — 5 nn by: bet 7 5 A 
Ne TED 5 


* 
* 
> 


Devi ef S * A > 
. 


. 5 5 ts 
5180584 arc ADB SM 


i 1 9 289035 = half are eres 
ol dens $75" aac ee, bs 


. 


| | [ISP aufer. 1 ABT ff 


an 
0 
| 
* 


\ 


— v . — — — — — — 
——— — — —— — — ̃ ̃ — ¶ — - — hy 


4 ————— 


Lit 
A [3 
(| 
F 
iq ih 

3 
4 N 
1 
Fit 
Y 
. 

a 11 
1 
© || 
Mt 

* 
41. 
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1 * 8 — - *** * i . * * SE 7 1 4 * Ac. 9 0 
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Ex. 2. Required the area of the ſector, whoſe are 
contains 18 degrees; the diameter being 3 feet. 
=; I 7854 „ 5 
po Oe os 5g 


© Then, as GAY 18 70686 875 of the whole circle. 
Or as 20 : I; 5 7*0686 : * the anſwer. | 

Ex. 3. What is th area of t ele or, whoſe radius is 
10% and are 20? Anſ. 100. 
Ex. 4. What is the area of the ſector, whoſe radius 
and the chord of its arc 6? _ Anſ. 2752679, 

| + 5. Required the area of a ſector, whoſe radius is 

265, its arc pinning 147 degrees 29 minutes. 

Anſ. 80444017. 

Ex. 6. 'To find the area of a quadrant and a ſemi- 
rde, to the radius 13. Anſ. 1325 225 and 265 Wha, | 


Fi 


— 


4 8 . 1 1051 1 M XIII. 1 
To fad the Area of a Segment of a a cin. f 
rn 


Find the area of the ſector having, the, _ are with 
the ſegment, by the laſt problem. 

Find the area of the triangle, formed by the chord 
of the ſegment and the radii of the ſector. 
Then the ſum of theſe two will be the anſwer when 


the 1egment is greater than a ſemicircle ; but the dif- 


ference will be the ate when i is leſs ay a ſemi- 


een 


. 
1 


Required the area of the ſegment ACBDA, its chord | 
A3 1 125 and enn AE or CE 10. | 


— 


ESANILE b 


So ö r 


O'F/18/V PERF ICI K 3. 115 


190 AE”. | 5 | 
36 ab? 5 3 me 
64 bz 
its root 8 br 
from 10 


2 3 
oe 
2. 40 * | 
"1 49 chord 40 "2. Mi 1, 
5 1 2 
its root *324 40 — 
i 4 wy " area of A EAB 


| my ak 1 F: — , * 
Sede 


7 0 e 
12*865;48 arc 463 Pa 

4 - 6143274 fare 
10 radius 


643274 area of ect. or ac 
48. area of e EAR 


| 1 16˙3274 area of * ACBA 


Aebi 
ann | 
To the a of the whole arc add 4 of the rs 


a half Ly are, or add the latter. chord and 3 of it 


more. 15 


; "Multiply the ſum. by the verſed fine or. height of the 
ſeginent, and is, of the en will be the area of 


wh F "ft > 4 33 TT $2 SIE > 1&5 BY 
* 5 | ” * $ Ex. 


: 
ö 
4 
. 
| 
13 
F 
8 
: 


* 


6 * E NS Un Ar I 0% 


+ "x: Take the ſame example, in which the radins is 
40, and the chord AB 12. 


Then, as before, are found cp 2, and the chord 1 the 
half arcac 6324555 | 
| a I is 7 | 325 : N 


* n 


Ai 
1 


20˙432740 
* cD — — 2 


; anſ, | gb, area neatly, - © E 


eee ee neee 0 
TEN tek 9 L's | 5 

Divide the height of the ſegment by the diameter, and 

find the quotient in the column of keights or re h 

nes, at the end of the BR. wy 
| Take out the correſponding nel in the next = RU J 

on the right hand, and h 973 the 1 wad of the 

diameter, for the anſwer.” oo 

Ex. The example being the fame* as bebe, we have 


cb 80 to 2, and the diameter 20. 
2 $3 Then 20 1 ( 21 CE 


And to 1 cher, 0408756 5 
| 8 of diam. — - ES 
| | 94 „ Mnſter 16˙3 500 


wa * * e 


OTHER EXAMPLES, 


Ex. 2. What is the area of che ſegment; whoſe height is 
25 and the chord 200 Anſ. 26: 878797. 
Ex. 3. What is the area & he ſegment, whoſe height 


** 18, and diameter of the circle 3 Anf. 636/375. 


EA. 4. Required the area of the 3 hole chord 
14 16, the diameter Ms „ Anf. 44 7292. 
„ l 


\ 
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PROBLEM e ag 
To Jad the Ar * a Cireular Zone + ADCBAs. ifs 


© & bes 


2 8 
”, * 
; "io * 
* 
. r << — „„ 


Rule 1. Find the areas of the two ſegments Ax, : 


DEC, and their difference will be the zone ADCB. 


' Rule 2. To the area of the trapezoid vn Dog add the 


area of the ſmall ſegment ADR ; and edis the Foun for 
the area of. als ZONE a DOB. 


4 * X A * r L E . 
1. What is the area of the zone, leſs than a mi- 
circle, having the greater chord 16, the leſs chord 6, 
and the diameter of the. circle 20 ? 


„ * 


. Here o * 8 — = 2 19 52592. 1 
and or = 4/ OATS" Kr = v36 =6:: 1 r. 
ee on e 7 4 eden 
9*539392 u. . or 


f 10 31 [ 460608 XY „„ 42 PE 
046 tab. ver. 4᷑ tab. verſ. 
water to 28 Auſwers to 293369 
pa - 100 CEOS W a 


— > * * 


e . „ 7 


ſeg. 1297 


5 . 1 | i . N 4 £ Anſ. 28-0398 


— 


— —ä— — —— — 
wo 


1 ww 1 10 
— aug rote — 5 
. ˙ e IIS. urn net ED IDS po 9 er en. — 
N ne bo __ 


* 
— vet > 8 
— ates Lee pt a 


8 ————— EO EEE EIN Rs ee 
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4 Ex. 2. If the greater chord be 96, the leſs . and 
the diſtance between them 26; required the area. 


rere if « be the middle of the chord AD, and o the 
centre of the quote... Frm 1 8 I, 2 © the 1ſt 
py 26 W . 
AS = AP — 2 4 J 7 6 ; 
KT = 


RE" OO 1 
daddy Nite 6 par 3 ag . 


by 22 18 hy 
084-46 21 Arg or = 25 12 


* * 


SC ad tos 13 

OP = Or — a 
o. = or +. TU = 27 + 13 = 40 
OE = OA = SID Es . 
E= OE — OQ= 50 — 40 = 10 258 

TP = ox fee op 50 — 14 = 


4 7 


I, 
. 165 ie & [Its tab. ſeg. = 
13 Ho 10 4*1, its tab. eg. DN” 
FER a 8d aſt, i. 4 3 
* . , 


If the e chord be 40. EY leſs 30, ad 
we 2 Nase them 35; required 156 area of the 
zone in figure 2, and by the 2d rule. 5 


1 like as before, we harre | 

1 91 + zDQ = 10 + 74 172 N f 
ed 1 
1 / ap = wi Ar: or. = 2 
Lil | 6 ty e 


1 4 : Ar- OT = 15 


| 0G OA = Lor + AP® = „i "wg 25. - 
= ,0R Nr + TR* = $,/50 = 1677669 
3 | R 


— — ——ͤ A Ee 


— 


OF re ng 
50) 7˙322331 
of 240499 its tab. W 
ſq. diam. 2500 
| area a fog. AGDR 178-27 
But PAX TR = trap. ADQP 612.5 


- ſum 798592 


whole zone ADCB 1581˙74 YE 


Ex. 4. If one end be 48, the other 30, and the 
breadth or diſtance 13, what is WES area of the zone? 


11 55 Auf. 334 4449. 
1 | PROBLEM. AV. | f 


25 find FF Area of a Circular Ring, or . included 
- between two Concentric Circles. 


The difference between the two circles, will be * 
ring. Or, multiply the ſum of the diameters by their 


difference, and m ah the e by 7854 the 
anſwers of 


EXAMPLE 5. 


1. The diameters of the two concentric winder being 
AB 10 and D6. 6, required the area of the ring con- 
' mined between their circumferences AE BA, 1 DFGD» 


Wo”: 7884 

. 
de 8 1010 | 
dif, 18 min, 


8 f ae anſ. 


en 


BC 8. 63 K* the e 4 805 W the area. 
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Ex. 2. The diameters of two concentric circles bates x 
20 and 20;; required the area of the Ting between their 


circumferences. Anſ. 235˙62. 
Ex. 3. What is the area of a ring, the diameters/ of 
whoſe er wurde are 6 and * ? Anſ. mh "_ 


A PROBLEM XVI. 
=o meaſure long Irregular Figures. 


| Take the breadth in ſeveral places at equal n 
Add all the breadths to „ and divide the ſum by 
the number of them, for the mean Na; Wich 
multiply * the e for the rea. 
nnn WE. 

1. The breadths of an irregular, figure, at five 4% 
_ Giſtant places being ap 81, my 454, nq g*2, or 1001, 


— 


— 3 | | 1 

338˙52 aufer. J) 86 
* — 1 
Ex. 2. The length of x an IND figure doing 845 
and the breadths at 6 places 17˙4, 20*60, 1 4˙2, 16˙5, 
20s 24'35 IEEE” * 15 4. 


by 
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ih. ts ts ts. as as ih th. thts. ih > os. Ms 


DEFINITIONS | Ag 
'OLIDS ey es are | 
| breadth, and thickneſs, figures | having SY | 
19 5 2. A priſm is a ſolid, or e } 


body, whoſe ends are any 
plane figures, which are equal 9 | | 
and ſimilar; and its Hdes are +" 
 __ parallelograms. — 
A priſm is called a triangu- 
: lar priſm, when its ends are 
_ triangles; | a ſquare priſm, 
view its ends are ſq 2 L 
2 priſm, w 
gy s are pentagons; and 
9 3. A . 4 tors aura 
having fix fides, which are 
all ſquares. It is like a die, 
hiv its ſides ppc: by 
05 1 | 5 
4. A parallelopipedon is 
. Si A fix rectangular 
. - Lides, every oppoſite pair of 
f which are ual and parallel. , 
15 ita, A cylinder is a round 
PI Ow circles . is 
end Ss, REES OLSON 


: 


3 * - 1 - 
0 8 > 
. 3 y - 2 4 
ba 8 9 ** 4 F G 
* 
> 
J * 


— bs" bf Lee, . * 
Pu A - fl 
4 AVIS | 


n NSURATI ON 


+ A n is a eld having 
any plane figure for a baſe, and its _ 
ſides are triangles whoſe vertices 
meet in a point at the top, called the 
vertex of tho _— | 


The RET takes names accord. , 
ing to the ſigure of its baſe, like the 
priſm; being triangular, or Irrer 

or xr bexagonal, e WC, 


7. A cone is a x round prramid, 
on a circular b 


7 ; 


phiere is a ſolid bounded — 
one as 2 convex ſurface, every 
int of which is equally diſtant 
rom à int within, called the 
centre. The ſphere may be con- 
ceived to be formed by the revolu 
Tion of a ſemicircle about its * r 
PR (nc . wii; e „ 2 


- 


: 


- The axis of a lid. 3 IE SLE oe 
middle of one end, to the middle of the oppoſite end; 
ns between the oppoſite ends of a priſm. | Hence the 


of a pyramid, is the line from the vertex to. the 
middle of e baſe, or the end on which it is ſi an. 


to ſtand... And the axis of a ſphere, is the ſame as a 
diameter, or a line paſſing through the centre, mar 
** by the ſurface on both ſides. Wi 


t priſm ä otherwiſe, it is oblique. F 
x * b | | *7 5 1 11. The 


— 


o. When the axis is perpendicular to the * 


inn 1-006 


11. The height or altitude of a ſolid, is a line drawn 
from its vertex or top, perpendieular to its baſe.— This 
is equal to the axis in a right priſm or pyramid; but 
in an oblique one, the height is the perpendicular ſide 
of a right-angled triangle, whoſe hy potenuſe is the 
12. Alſo a priſm or pyramid is regular or irregular, 
as its baſe is a regular or an irregular plane figure, 7 
13. The ſegment of a pyramid, ſphere, or any other 
| ſolid, is a part cut off the top by a plane parallel to the 
' baſe of that figure. pda 7 
14. A fruſtum or trunk, is the part that remains at 
uy the bottom, after the ſegment is cut of 
iN 15. A zone of a ſphere, is a part intercepted between 
þ two parallel planes; and is the difference between two 
1 ſegments, When the ends, or planes, are equally 
| diſtant from the centre, on both fides, the figure 1s 
| called the middle zone. 5 * | 
3 16. The ſector of a ſphere, is compoſed of a ſeg- 
; ment leſs than a, hemiſphere” or half ſphere, and of a 
cone having the ſame baſe with the ſegment, and its ver- 
tex in the centre of the ſphere. | 


17. A circular ſpindle, is a folid 


Fa 
# 
a 


| | generated by the revolution of a ſeg- 

— ment of a circle about its chord, be 
| _ which remains fixed. A.” - 
| 18. A regular body, is a ſolid contained under a cer- 
ll tain number of equal and regular plane figures of the 
| ſame fort. OPT + . > is, TE Wy: 
1 19. The faces of the ſolid are the plane figures un- 


der which it is N And the linear ſides, or 
; edges of the folid, are the fides of the plane faces. 
f 20. There are only five regular bodies: namely, 
F ft, the tetraedron, which is a regular pyramid, havin x 
F Hour triangular faces; 85 the hexaedron, or cube 
| - | 4 * 9 E 2 — | * * - | ; o 
Ny” | 13 / 


* 


which 
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which has 6 equal ſquare faces; 3d, the octaedron, 
which has 8 triangular faces; 4th, the dodecaedron, 
which has 12 pentagonal faces; 5th, the icoſaedron, 
which has 20 triangular faces. Wi: 
Note, If the following figures be exactly drawn on 
paſteboard, and the lines cut half ſo that the 
por be turned up and glued together, they will repre- 
en 


t the ſive regular bodies: namely, figure 1 the tetrae- 
dron, figure 2 the hexaedron, figure 3 the octaedron, 
| figure 4 the dodecacdron, and 


. 
. ” 3 
. 


6gure 5 the icoſaedron. 


f 


whoſe 


Note alſo, that, in cubic meaſure, - 
1728 inches make 1 foot 
27 feet 1 yard 
1664 yards - - 1 pole 
64000 poles 1 furlong 
13 tadongs - 1 mile 


PROBLEM TI. | 


To find the Solidity of a Cale. 


| 12g 


Cube one of its ſides for the content; that is, mlt 
ply the vo by itſelf, and that product by K the ſide again. 


EXAMPLES,” 


1. If the fide aB, or ac, or Bo, of a cabe bet 24 


inches, what is its foldity o or content = 
24 


—— 


1 
. 5 3 
24 9 41 B+» 121. Ca 
3 | | 
1152 
13824 anſ. 


— 


24 8 n | 
%* . 
& * 9 < 1 
8 
* — 
1 
* * 


N 


Ex. 2. How many ſolid feet are in >the ibis 8 


Ex. uired | how m cubic fe t are in 
fde 2 7 gt 


- 


Wei IT. 


fed the Su of @ Parallelipigedan. a" 
| Multiply tho length, —_— and ny or du 
"30 OY 


ſide is 22 not So? Anſ. 10648. 


the ae 
Anf. 32 Fg 
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all continually together, for the folid content ; ; that is, 
rags: agg Was * the breadth, and that r by 


EXAMPLE 8 


11725 Kequired the content of the parallelopipedon, 


_ whote length As is 6 feet, its breadch AC af feet, and 
altitude 25 14 . 


84s PN 1 27 „ 
Yay | * 10550 | | x 
2*5 = 2 

26 · 290 _w_ 

Ex. 2. Required hes i content of a Seeed, 
whoſe length: 18 30" 55 breadth 4˙2, and height FR | 
. Anſ. 14994. 
Ex. 3. How many cubic feet in a block of marble, 


whole length is 3 feet 2 inches, breadth 2 feet 8 inches, | 
4 1 2 feet 6 inches? „1. 


1 
5 


Wh 55 PROBLEM iy. 
|} __ To find the Solidity of any Priſm. | 
"Multiply the area of the baſe, or end, by the height, - 
and it will give the content. | 
Which rule will do, whether the priſm be triangular, 


or or pentagonal, &c. or round, as a TRAD, 


| EXAMPLES. 
1. What | is the content of a triangular priſm, whoſe 


| length Ac is 8810 and ww watt AB 970 its. 3 
; 623 feet | N Fo to ; 


* 


6 „% 6-1: Þ: 8c: | 127 


Hefe r x 2 61 
| $* 1: 4 | 
Then 2 3 tabular no. 


2 598078 
108253 


' 2*706331 area of end SN , 
12 length | 9 


32˙475972 anſwer 


1 Required the ſolidity of a triangular priim, : 
- Whoſe length is 10 feet, and the three ſides of its trian- 
W or baſe, are 5, 4, 3 feet. „ 
What is the content 0 a hexagonal priſm, the 
9 — being 8 feet, and each fide of its end 1 foot 6 
inches? Anf. 46765368. 
Ex. 4. Required the content of a cylinder, w ole 
length is 20 feet, and circuraference 54. feet. 
7 Anſ. 48* 1459. 
Ex. $o What i is the content of a round pillar, whoſe - 
height is 16 feet, and diameter 2 feet 3 inches | Wn Ee 


3 er e, 
. PROBLEM IV. | 


To find the Convex Surface of a Glad. 28 


Multiply the circumference by the * of the oy: 
Under. 


Note, The upright ſurface of any priſm is found in 


tme ſame manner. And the ſolidity of a 1 8 is FOE 
i. Ws In 1 8 in the laſt problem. 


EXAMPLE s. 


44; What is the convex ſurface of a SR whoſe _ 
length is 16 feet, and its diameter 2 feet 3 inches? 
| | G 4 . 1 


of 7s —— Ot — 2 — — fts e e 


„„ 


3 i th. nr et — — So ng 
_——— —— AG. — +. a 
\ 


1 


- 
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3 1416 | 
24 diameters 
5 —— : 
6*2832 47 | | FEI, | 
Ice © | ; 
. | See . art 
70686 cireumf. Definition 5, 
1 . P. 121. ET ; 
424116 1 wie 
| 70686 . 8 


113˙097 anſwer, 


* 


Ex. 2. Required the convex ſurface of the cylinder, 
whoſe m__ is 20 feet, and its diameter 2 feet. 
Ani. 125˙664. : 
Ex. 3. what is the convex ſurface of a cylinder, 
whoſe length is 19 feet 6 inches, and cireumference g 
/ fect qanchcs ? I Al,” 98 f 25 
; EO TAP 77 We 
2 find the Convex Surface of 'a Right Co. ITS, 
Multipiy the circumference of the baſe by the ſlant 
height, or length of the fide, and half the mm will 
be the ſurfaces | 
Mn X AN IL E 6. 
oY *. Tf the diameter of the baſe be am 5 1. tA the 
ur of the cone Ac 18, required the convex {urkace, 


* "M zar 
® 5 


N ma eireumf. 
Re: 18 


Ee rey | 
141*372 . 1588 | 8 ug 
— : K. 2. 


a *.. 


1 


6 r $0OLI D's. 12) 


Ex. 2. What is the convex ſurface of a cone, whoſe 
de in 20, and the circumference of its baſe 9? ? 
Anſ. o. 

3 Required the convex ſurface of - a cone, 
whoſe ſlant height is 50 TO aer nen of its baſe 
8 feet 6 inches. Y i, _ my 59. 


PROBLEM VI. 


7, o find the Convex Surface of the Pruftum of a Right Cone. 


Multiply the ſum of the perimeters of the two ends, 


by the ſlant height or fide of the fruſtum, and half the 
N will be the ſurface. 


r re 


1. If the circumferences of the two ends be 12*5 and 


10· 3, and the ſlant height av 14, en the convex 
furface of the fruſtum aBep. 


| * 12˙5 
10˙3 
22˙8 ERS 
14 


— 


912 
228 


2 73 2 | — 


———— 


Ex. 2. What is the convex farface of the frufturk of 

a cone, the ſlant heig bt of the fruſtum being 12:5, and 
the circumferences 0 15 two ends 6 and 8:4 ? An. go. 
Ex. 3. Required the convex ſurface of the fruſtum of 

a cone, the fide of the fruſtum heing 10 feet 6 inches, 
and the circumferences of the two.cnds. 2 feet 3 inches 
and 5 feet 4 ines, „ Mul. 3973. 


8 
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PROBLEM VII. i 
To fad the Solidity of a Cone, or any 8 


2 — che area of the baſe by the hei ll 3 of 
= will be the content, * 2 1925 


E. * 4 f 1 B bo. 


> What is the ſolidity of a cone, whoſe height ob is 
123 feet, and the diameter As of the bale 237 | 


19635 IS. 1 dee Fig. 1 


* . —— 21 Prob. v. 
; , 490875 area of wes: 


— 1 * 
* 3 2 
"Yau. af 
i 1 oy LOG > . 
5 i * & 4 
| J ooo 1 11 
g 2 ry 4 
. 8 4 * $ % 
- 8 ; 


3 


Nag 3361 359375 h | 
20˙453125 anſwer 8 


Ex. 2. What is the ſolid content of 2 i pentagonal py- 
4 * height being 12 feet, and each tide of its baſe 
2 £ 8 
764% abe gte, 
„ ſq. e Fg al : - 
$9" = e e Cath 6. Fa 
+ beg. area baſe | „ . IN 


A : 4 * 3 ? + 7 4 * * * 
N 17 3 / FF . 1a off : # 


2 ES anſwer F 


o 230 11 5 86. 131 


Ex. 3. What is the content of a cone, its height be- 
ing lot feet, and the circumference of its baſe ꝙ feet? 
| | | Anſ. 22*56093. 
Ex. 4. Required the content of a triangular 1 


its height being 14 feet 6 inches, and the three ſides of 


its baſe 5, 6, 7 Anſ. 710352. 
Ex. 5 What is the content of a hexagonal pyramid, 

whoſe height is 6*4, and each fide of its baſe 6 inches ? 
„ 1 Anſ. 138564 feet. 


PROBLEM VIII. 


| To find the Solidity of the Fruſtuni of a Cone or any 
4 Pyramid, 


R& UV. E $447 


—— 
* 


1. Add into one ſum, the areas of the two ends, and 
the mean proportional between them, or the ſquare 
root of their product; and 4 of that ſum will be a mean 
area; and which multiplied by the height of the fruſ- 
tum, will give the content. 1 | 
2. When the ends are regular plane figures; the 
mean area will be found by multiplying +4 of the cor- 
reſponding tabular number belonging to the polygon, 
either by the ſum arifing by adding together the ſquare 
of a fide of each end and the product of the two fides, 
or by the quotient of the difference of their cubes di- 
vided by their difference, or by the ſum ariſing from the 
ſquare of their half difference added to 3 times the ſquare 
of their half ſun. * - 


3. And in the fruſtum of a cone, the mean area is ] 


found by multiplying 2618, or 4 of 7854, either by 


the ſum arifing by adding together the ſquares of te | 


two diameters and the product of the two, or by the 


difference of their cubes divided by their difference, or 


by the ſquare of half their difference added to 3 times 
the ſquare of their half ſum. bes 
Oh CO OS Tore Or, 
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4 Or, if the circumferences be uſed in like manner, 
inſtead of their diameters, the multiplier will be 


02654. 


EXAMPL E 8. 
7 1. What 15, the content of the fruſtum of a cone, 
whole height is 20 inches, and the diameters of its two 
ends 28 and 20 inches? 80 5 


> a$: 72g DD 
28 20 20 


224 560 400 


erke See Fig, 
13952 i 1. Prob. vi. 


* ; 
* - 4 
14 ' 
23 4 I f £ ' 3 / * 
* 4 6 , 2 E — 
p $ ; ” 4 : 4 | rr 4 2 
W F c 1 ; 7 - 


E$e-ma 
fs 
> 

_ 
7 
1 


.» 
© 


22 


93 | 


7 


bel the cstebg of x pontadonul frönum. 
whoſe height is 5 feet, each ſide af the ale 1 foot 6 
Wehes, "and cach fide of the leſs end & inches. 


1 2 EN £4. 


— 


2 * 
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% 
LA iy 
= 
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R 
1 8 
144 108 36 
18 324 
ee eee 


| x 156 1 of ſum 
 1*720477 tab. area 


10322862 
860238 5 
1720477 


268: 394412 mean area 
2 5 
12 1341972060 
12 | 111*831005 
9*319250 anſwer in cubic feet 


— — 


Ex. 3. What is the folidity of the fruſtam of a cone, 
the altitude being 25, the circumference at the greater 
end being 20, and at the leis end to? An. 464-205. 

Ex. 4. How many ſolid feet are in a piece of timber, 
whoſe baſes are ſquares, each ſide of the greater end 
being 15 inches, and each fide of the leſs end 6 inches; 
alſo the length, or perpendicular altitude is 24 feet? 

0 Re 8 1 Anſ. 197+ 

Ex. 5 To ſind the eontent of the fruſtum of à cone, 
the altitude being 18, the greateſt diameter 8, and the 
—. Co nn _  Aonſ. $25:7888, 
Ex. 6. What is the folidity of a eee fruſtum, 
the height being 6 feet, the ſide of the greater end 18 
inches, and of the leſs xz inches? Anf, 24681722. 


8 * @* 
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PROBLEM IX. 
To find the Solidicy of a Wedge. | i 
To the length of the edge add twice the length of 


8 back or baſe, and reſerve the ſum ; multiply the 


ight of the wedge by the breadth of the baſe ; then 
3 this product by the reſerved — 1 s of the 
all product will be the content. 14 


| E X A u P L E S. 
55 What i is the content in feet of a wedge, whoſe al- 
titude ar is 14 inches, its edge as 21 inches, and the 


length of its baſe DE 32 inches, — its breadth cp 44 


[ Lm_w_ 
| 1 7 
4! 32 EY 
| 32 7 
ö 2 
85 
j „ 
| = -| 
[1 . 7 
1 n 12 892˙ß 61. in n ubic inches i 3 | 
15 172812 74˙375 | on. Walled? begs 
j| Ae 6197916 


EO 55764 ant in feet erate ee 
5 — than half a cubic foot. 


Ex. 2. Required the content of a wedge, the length 


and breadth of the baſe being 70 and zo inches, the 
Na 8 of the W 110 e and the 1 34 20010. 


* . PROBLEM Ms 7 

= find the Solidity of a Priſmoid.... 

Definition. | 

A priſinoid differs only from the fruſtum of a pyras 
18 — bas oppoſite ends W e 
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Ade into one ſum, the areas of the two ends a 4 
times the middle ſection parallel to them, and of that 
ſum will be a mean area ; and being ann by the 
height, will give the content. 

Note. The length of the middle ſection is- equal to 
half the ſum of the lengths of the two ends; and its 


breadth is equal to half the ſum of the breadths of the 


two ends. 


EXAMPLES. 


1. How many cubic feet are there in a tone, whoſe 
ends are rectangles, the- length and breadth of the one 
being 14 and 12 inches ; and the correſponding fides of 


the other 6 and 4 inches; the n I 


being zog feet ? 
. 0 
. 
„ | 
r : 
— q 
320 
168 ; 
24 „ | 
; 6) 512 * 
851 mean area in inches | 


* 


3c height 


N 2500 ; ; 
12 As: 
144 « { "= 
12 216.8 FE | ; 
* 18'074' anſwer 


. 
— 
ö F 
- 


0 2 75'3984 cirennf, Y 


i 
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Ex. 2, Required the content of a rectangular prif- 


moid, whoſe greater end meaſures 12 inches by 8, the 


lefler end 8 —_ by 6, and the perpendicular height 
5 feet. An. 2453 feet. 

Ex. z. What is the content of a cart or waggon, 
whoſe infide dimenſions are as follow : at the top the 


U 


length and breadth 8 14 and 55. inches, at the bottom 


the length and breadth 41 and 292 3 ans the 


height 4/1 inches? 
Anſ. 126340*; 9375 cubic inches. 
5 PROBLEM: XI. 
To find the Chaves Surface of 6 Sphere or Globe. 


- Multiply i its diameter by its circumference. 


Note. In like manner the convex ſurface of any” 


zone or ſegment is found, by multiplying. its delght by 


the whole Arcunyference of the ſphere. 


E X A M P L E s. 
1. Required the convex As: of a globe, whoſe 


diameter or axis is 24 inches. 


314160 
24 diam. 


86 ——— 


62832 


ee 


Jerez 
; 1507908 | 


18095616 anſwer.. 


— — | : : \ 


Ex. 2. What! is the convex ſurface of 4 8 whoſe 


nn is 7, and circumference 222 An. 154. 
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Rx. 3. Required tha area of the ſurface of the earth, 
its diameter, or axis, being 795 74 miles, and its circum- 
ference 25000 miles? . Anf. 1989437 50 {q. miles. 

Ex. 4. The axis of a ſphere being 42 inches, what is 

. the convex luperficies of the ſegment whoſe height is 
9 inches 7 | „ Auf. 1187 5248 inches. 

Sx. Ned the convex ſurface of a {pherical 
zone, whoſe breadth or height is 2 feet, and cut from 
a ſphere of 124 feet diameter. 3 Anſ. 78:54 feet. 


1 EM XII. 
70 find the Solidity of a Sphere or Globe. 
' Multiply the cube of the axis yy * 


EXAMPLE S. 


1. K What is the ſolidity of the ſphere, whoſe axis 
3 | 


I 500 


| Ex. 2. To find the comentf the 6 thaw, Lies ably i 
is 2 beet 8 inches. And, 949288 feet. 
8 Ex. 3- 


__ - MANS THSELOS, 


| Ex. 3. Required the ſolid content of the earth, ſup- 
7 poſing its eireumference to be 25000 miles. 
_ | 8 M. 263858149120 miles, 
1 8 PROBLEM. „ SHIRY 
| 4 7 Aud the Solidity of a Spherical Segment. | 


— 


| To 3 times the ſquare of the radius of its. baſe add 
* ſquare of its height ; then multiply the ſum by he 


height, and the product again by 5236. 
1 „e een 


1. Required the content of a ſpherical nt, its 
Z Ro... bang 4 inches, and the rating of err ah 


_ 8 3 *5236 
| 2 | | 8 


| ; 1 . ; — — 3 
. 64 16 10472 
3 1 
; 


| 192 208 m 
1 Ni 3 e eg 


EE „ 


| Ex. 2. What is the ſolidity of the ſegment of a . 

BE -- -—: IN height is 9, and the diameter of its baſe 20 

| i 7 Anſ. 1795 4244- 
1 Ex. 3. Required the content of the ſpherical ſegment, 


: 


RE whoſe height 18 _ and LH of its baſe 861684. . 
1 Anſ. a ys 


1 I | PROBLEM XIV- £ 
T0 findthe Solidity of a Spherical Zone 4 k. | 
Add together the ſquare of the radius of each end 
and of the ſquare of their diſtance, or the height; 
' then multiply the ſum by the ſaid bejght,, ard the pro- 
8 AY: * 1.578. 6 . : < | 
| 0 Ts I Xs 


Pl 
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EXAMPLE s. 3 


. What is the ſolid content of a zone, whoſe greater 
2 is 12 inches, the leſs 8, and the height 10 


inches ? | ; 
: 6 4 © "20 a 
8 18 
36 16 3) 100 
36 237 
332 
2 
1*5708 
73540 
125664 | \ 
l 5236 ; 
124046 
TER: wet 
1340*416 anſ. 
— — 


"i 2. Required the content of a zone, "bd greater 

8 is 12, leſs diameter oy and height 2. | 

Anſ. 195+8264. 

| Ex. 3. What is the content of a middle zone, whoſe 
height is 8 7 and the diameter of each end 6? 


35 And: 494 + ST | 


| PROBLE * „ 
To fad the Surface of a Circular Spindle, 


- Multiply the len gth as of the ſpinole by the radius 
oc of the Een arc. Multiply alſo the ſaid arc 
ACB 1 85 the centra a 06 or diſtance between 

a 5 the 


— 


and the part of the arc which deſcribes it, inſtead of the 


The chord 40 Ak? ＋ 0 = Ar 15% = 
aud 20k: Ac :: AC: co = 2 ns 20% 8 
30 


hence OE = 


140 ME NSGSU RATIO 
the centre of the ſpindle and centre of the revolving 
arc, Subtract the latter product from the former, and 
multiply double the remainder by 43*1416, or the fingle 
remainder by 6.2832, for the ſurface. 

Note. The ſame rule will ſerve for any ſegment or 
zone cut off pe pendicular to the chord of the revolv- 
ing arc, only uting the particular length of the pait, 


Whole leagth and whole arc. 


5 a 4 0 x 


1 Required the ſurface of a circular” ſpindle, whoſe 
length as is 40, and Its thickneſs cD 30 inches. | 


__ Here, by: the notes at Pa, 922. pes 


= 25, 


-2 


oc — CE = 208 — 15 = 5%. 
\ Alſo, by problem x, rule % NM 


| as 40 


200 . > Ao 
13) 160 | 
$33 Arc ACB 


"SF WW * * 
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Then, by o our rule, 

205 531 

3 

$00 ' 2662 

331 444. 


833 3115 
„„ 311g gg 
| 5223 or 522'2 or = 


6:2832. Or thus, 


— — | 6+2832 . 
10444 4700 
156666 | 1 7 
4177777 4439824 
10444444 E 
313333333 
— — 9 ) 2953104 


| 3281-22666 3281-226 ; anſ. nearly 


Ex. 2. What is the ſurface of a circular ſpindle, whoſe 
length is 24, n in the middle 18? 


Anſ. 1177 4485. 


PROBLEM Av. ET 


Gin ek 5 . 
7. fad the Solidity of a Circla- gala. 


Multiply the central diſtance oz by half the area of 


the revolying ſegment AcBza. Subtract the product 


from 5 of the cube of ax, half the length of the ſpindle. - 
Then multiply, the remainder by 12*5664, or 4 times 


1410 for the whole content. 


u 4 M r Ii $1 

1. ann ae of the circular ſpindle, whoſe 
n and middle diameter cp 30. ' 
| [See the laft feure.] | ” 


& 


Þ m G — EX TAG ITO. IT RIS Io E — ee 13 * 
= 2 L * Fr * FF I 25 2 U 5 2 * 
— n "Ye TIE 2 8 nn. 1 ge DLS l 3 8 = „„ 
— 1 RK» ® ns + LY . a A 2 7 = 8 pag S £ n 


8 o * 1 4 2 - ” IO n i, p< 2 8 * FT 


| — re bo ; 
r 2 


p * 3 8 2 
4 22,65 93 — 


* A 


__ * 


— 


- 
- 
—jÜ eee. eee —— — al . 
— DOI BT . 
* 

* * * . Fad : 4 N "Y * : 

. 1 
s 


ad — 
rr — — 2 * 
* 7 1 
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MENSURATION 


By the work of the laſt problem, 
we have ot "65 | 
and arc Ac = 264 
and rad. oc = 207 


20 half length 


5331 

225 

Sector oA $555 
e 116 


5 


1 ſeg. ACE 210 
OE On or 1 44 
f — 8 21 mult. inver. 
1097 
355 _ neay 


17423 5 "WM 


Ex. 2. What is the aue of a circular ſpindle, 
| aner EAN diameter 187 


' 


V 3 Anf. 1558s. 


e eee EM XVII, 


| nau th Sil ofthe Middle Froftum or ue of 
| Circular Spindle. © 


From the "IP of half the length of the whole | 
inde, take 3 of the ſquare of half the length of the 
mi een and m Kr e N 3 5 


5 
* Z 
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half length of the fruſtum.——Multiply the central 
diſtance by the revolving area, which generates the 
middle fruſtum. Subtract this latter product from the 
former; and the remainder multiplied by 3 or 
2 times 3” 1416, will give the content. 


q SR &A. 0PL 0 S 


I. . Required the ſolidity of the fruſtum, whoſe length 
mn is 40 inches, alſo its greateſt diameter EF is 32, and 
leaſt diameter Ap or BC 24. 


SE 
53 
fi 

—- 


Io. 


3 i --O-: 
Draw! DG parallel ol m n, then we 
| have” be = Senn = 20, 


and EG = JEF — FAD = 4s 
; i 0 
chord oE = DG ＋ GEL = 416, | 
| N 416 ; PRE 
10 15 DE“ > 16 15 = 104 the diameter of 
3. 5 F 5 N circle, 


or the rdath OE =" $2». 
hence 15 52 — 16.= 36 the central ee 


ye : lr = On —01* = 52 eve Ws. + «al 
| we _ of 9 = 2 ; 
le EE 19 8 N 14500 
le | CAN ; : C 20 
id 5 EE 
E 234931 iſt prod. 
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GE —= 208 = 2 


104 


Its tab. ſegment 5 = 
but 104 1 


. area of ſeg. DE ß. 
mD x mn = 12 X 40 4807 


= 2. What bann of the middle fratum of a 
enk ſpindle, N 3 is 20, N- diameter 


18, * (og; eee 


= — = 3846 a ver. ſine 


15 585 leg 
8 30 


| 25493" 33333 iſt product 


26 


A 4 F "Tobi 


43264 
97344 
. 97344 


8 107. 51104 5 


352506624 10 
L IINTY.. - 


2 1 15939744 2d product 


4342 58191 


2 2382˙6 "mult, inv. 4 


27287 c anſiver 


Anſ. 3657 a 
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225 PROBLEM XVIII. ibaa 
To find the Seperficies or Solidity of . Regular Bedy. 


I, Munn the proper tabular area (taken from the 
following table) by the ſquare of the linear edge of the 
ſolid, for the ſuperficies. 
2. Multiply the tabular ſolidity by the N of the. 
linear edge, tor the ſolid content, | 


| 7 | Surfaces aud Solidities If Regular Bodies, 8 

No. oe | | 74 
| Sides | Names Surfaces | Solidities | 
| 4 | Tetraedron 173205 | o*11785 | 
1 6 | Hexaedron 6*00000 100000 
8 Octaedron 346410 047140 

12 Dodecaedron 20.6463 f 
20 | Icoſaedron Es- 65025 | 2: — | 


EXAMPLES. 
1. If the linear edge or ſide of a tetraedron be 3, re- 


quired its ſurface and ſolidity. 


The ſquare of 3 is 9, and the cube WT, Then, 
tab. ſur, . | 0'11785 tab. ſol. 


ſuperf. " 1555 8845 


: 
7 * 
N 1 5 
* 
8 


'n 


„ MENSURATION 


Ex. 2. What is the ſuperficies and et the | 
En whoſe Hinear fide is 2 ? | 


2 . 24 
e 


— PIE ſuperficies and oha of the | 
oſe linear fide is 27 8 | 


. 


erficies I des: 
a {i io 11 | eee 


42 K v9 > 
# 


* - 2 42G - * * . — 4 - * 
\ * * AK 1 * WW ITT . 1 
= — N — 4 — 2 a 60 = n 2. r Cs > OO ER d * 
—— * — 4 P _— "2p. - . * 1 * d * — hs 
b n ** — a aaa or — — may , : I 
* 8 "44 a — es Wh YE IF 8 we. 


| IB Witt is the nn and ſolidity of the do- 
decaedron, w whoſe linear fide 1s 27 1 33 


F 
4+ 
12 » 


. 82 882 2 
Auf. 1 e 36 


Ex. 5. Re Os the W and ce of the 
eee whoſe linear OE. is 2 ? 


aol. 1 . cies 3464100 
ity: ATR 


— — 


— 2 
- * — a 


— — — — Woe '- er o , 
—— — — —ä— — — — ee 


— 
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"PROBLEM XIX. 
To find the Surface of a Cylindrical Ring. 


This figure being only a cylinder bent round into a 
ring, its ſurface and folidity may be found as in the cylin- 
der, namely, by multiplying the axis, or length of the 
cylinder, by the circumference of the ring, or ſection, 
for the ſurface ; and by the area of a ſection, for the ſo- 
lidity. Or uſe the following rules. | | 
For the ſurface, =—To.the thickneſs of the ring add 
the inner diameter z multiply this ſum by the thickneſs, 
and the product again 98696, or the ſquare of 
371416. 1 80 „„ PEAS 8 I 
: EXAMPLE & | 
1. Required the ſuperficies of a ring, whoſe thickneſs 
4B is 2 inches, and inner diameter ge is 12 inches. 


j 


12 8 9˙8696 

e 28 

14 789 50 ANR 

„ 1 
28 2563488 anſ. 


* 


Ex. 2. What is the ſurface of the ring whoſe inner 
diameter is 16, and thickneſs 4 ? .  Anlſ. 589*568. 


PROBLEM XX. 
To find the Solidity of a Cylindrical Ring. 


Io the thickneſs of the ring add the inner diameter: 
then multiply the ſum by the ſquare of the thickneſs, 

and the product again by 24674, or + of the ſquare of 
3*1416, for the ſolidity. EEE | 
TE | H 2 „ * 
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EXAMPLES, 


1. Required the ſolidity of the ring whoſe thickneſs 3 is 
zen and its inner diameter 12. : 
FFF Bs. a ; 
i N 2 56 | 1 X 5 


: Gony ——— 5 ' 


. 
2  n2g3 


d 56 e . 1744 anfrer 
| * 
Er. 2. What is the « folidity of a led ring, whoſe 
b * inner diameter 160 | 
Ani. 789*568. 
* : . 1 a 
1 ; EY * * 
| | * * g 
[f 
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OF THE 
CARPENTER's RULE. 
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| T HIS inftrument is otherwiſe called the ſliding rule; 
4 anditis much uſed in timber meaſuring and artifi- . 
cers works, both for taking the dimenſions, and caſting 
up the contents. | : . * 
The inſtrument conſiſts of two equal pieces, each a 
ſoot in length, which are connected together by a folding 
5 joint. i by | | 
One fide or face of the rule, is divided into inches, 
and half- quarters, or eighths. On the ſame face alſo. 
are ſeveral plane ſcales, divided into twelfth parts by 
diagonal lines; which are uſed in planning dimenſions 
that are taken in feet and inches. The edge of the 
rule is commonly divided decimally, or into tenths; 
namely, each foot into ro equal parts, and each of theſe 
into 10 parts again: ſo that by means of this laſt ſcale, 
dimenſions are taken in feet and tenths and hundredths, 
and multiplied as common decimal numbers, which is 
the beſt way. | EO OY 5 , 
On the one part of the other face are four lines, 
marked a, B, c, o, the two middle ones » and c being 
on a ſlider, which runs in a groove made in the ſtock. 
The ſame numbers ſerve for both theſe two middle 
—_ the one being above the numbers, and the other 
ow. TED . . | 
Theſe four lines are logarithmic ones, and the three 
A, By c, which are all equal to one another, are double 


" a 


$605 tf 


150 % L I DING IAU. 


TEA e eee 
1 to 10. The 


other or loweſt line p, is a ſingle one, proceeding from 


4 to 40. It is alſo called the girt line, from its uſe in 
caſting up the contents of trees and timber; and upon 
it are marked ws at 19*155 and 40 at 18˙95, the wine 


- andale gage points, to make this inſtrument ſerve the 


4 
\ 


. Bto 13 on 4 ; then againſt 24 on » ſtan 


purpoſe of a gaging rule. Err 
Upon the other part of this face there is a table of 
the value of a load, or 50 cubic feet, of timber, at all 
prices, from 6 pence to 2 ſhillings a foot, ; 
When 1 at the beginning of any line is accounted 7, 


then the 1 in the middle will be 10, and the 10 at the 


end 100; and when 1 at the beginning is accounted 


10, then the 1 in the middle is 100, and the 10 at the 


x" : 
*, * 


end 1000; and ſo on. And all ſmaller diviſions 
are altered proportionally. © pats © It wn 


1 
. G27 


| Geraer #24 7599 57 3 
Dio multiply Numbers together. 
©. Srippoſe the two numbers 24 and * 1 on 
1 13 | | 4 Ol ds 312 on 4, 
wbich is the required product of the two given numbers 


434 and 13. 


. 
1 


* "Note. | In any operations, when a number runs be- 
yond the end of the line, ſeek it on the other radius, 
or other part of the line, that is, take the 1oth part 


* 
My 


proportionally 10 fold, or 100 fold, &c. 5 
0 like manner the product of 35 and 19 is 665, 


Hl it, or the 100th part of it, &c. and increaſe the reſult 


And the product of 270 and 54 is 14580. 
Fine 7.7 PROBLEM 11. 
. yy 7% 2 : . . 


- To dividely the Sliding Rule. 


1 1 
3 


a * * 2 f q "We 
„ 4 Bi du 2 el 2 3 
. # l 'F n 
2 divide by 24.—8et the diviſor 
As ſuppoſe to divide 312 by 24.— det the div. 
! - J- 4 24 
NES * 1 co 
Z RF =y ** — 
; „ 8 


* 


— 


SLIDING. 1 n. TGT 


24 on n to the dividend 312 on A; then in I ON B 


ſtands 13 the quotient on A. - 
Alſo 396 divided by 27 gives 146, -- 
and 741 divided by 42 gives 17 6. 


PROBLEM 111. 


Yo Square any Number, 


— 


Suppoſe to ſquare 2 et t on n to 23 on az 
then againſt 23 on 2 ſtands 529 on A, whid is the 
ſquare of 23. 

Or, by the other two lines, ſet 1 or 100 on e to the 
10 on p, then againſt every number on p ſtands its __ 
in the Jap o. So againſt 23 ſtands 529 
EEE Fs gone 20 2 400 
againſt 30 ſtands goo 
5 ad ſo 4 | , 

If the given number be hundreds, &c. reckon the 1 on 

v for 100, or 1000, &c. then the correſponding 1 on c 


found to be 2 2 feng 


N 


PROBLEM v. 


i 0 extra# the Square Roc or. 


get I or 100, &c. on c to 1 or 10, N. on p; then 
againſt e every number found on c, ſtands its ſquare root 


on . 


So, againſt 529 ſtands its root 23 
againſt 400 ſtands its root 20 
againſt goo ſtands its root 30 
againſt zo» ſtands its root 17*3 

and ſo on. 


is I0C00, Or 1099900, & c. 80 the ſquare of 230 is 


« * 9 ——U U ben Srtnnmh een heh nn 
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PROBLEM v. 0 I 
To find a Mean Proportional between: two Numbers. 


As ſuppoſe between 29 and 430.—8et the oe num- 
ber 29 on c to the fame on p; then againſt the other 
number 430 on c, ſtands their mean proportional 111 

Alſo, the mean between 29 and 320 is 96-3, 
and the mean between 71 and 274 is 139. 


2 — 


| PROB LEM VI. 
To find a Third Proportional to two Numbers, 


1 _ Suppoſe to 21 and 3p.—Set the firſt 21 on B to the 
| ' ſecond 32 on 4; then againſt the ſecond 32 on B, 
- weary 48*8 on à, which is the third proportional 

Jought. 9 1 . 
. | Alſo the 3d proportional to 17 and 29 is 49˙4, 
„ and the 3d proportional to 73 and 14 is 275. 


8 rꝛãũV O EN VII. 


=. | 5 To find a Fourth Proportional to three Numbers. 
| „ | Or, to perform the Rule- of Three. 
| | |! Suppoſe to find a fourth proportional to 12, 28, and 
114.— Set the firſt term 12 on 8 to the 2d term 28 on 
A; then againſt the third term 114 on B, ſtands 266 on 
4, Which is the 4th proportional ſought, 
Alſo the 4th proportional to 6, 14, 29, is 67˙6, 
and the 4th proportional to 27, 20, 73, 15 54˙0. 


\ 4 
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TIMBER MEASURING. 
— — 


PROBLEM I, 
To fug the Area, or * Content of a Board or 


Mur 1711 * the br bs Us n | 


Note. When the board is tapering, add the breadths 
at the two ends together, and take half the ſum for the 
mean breadth. 

52 : By the Sliding Rule. | | 

Set 12 on 53 to the breadth in inches on A; then 
againſt the length in feet on B, is the content on A, in 
feet and fractional parts. 


; nr 
1. What! is the value of a plank, at 13d. per foot, whoſe 
length is 12 feet 6 inches, and mean breadth 11 inches ? 


By Decimals., By Duodecimals. 
" IS AT nk, 
11 X „ | 
137˙5 11d is 4 „„ 
11*46 | — 
12d is 1 1s 5d anf. „ 
* 8 
ky 1s 5d anſ. a 


By the Sliding Rule. | 
As 1a 11 A:: Ian :..115 As 


That is, as 12 on 5 is to 11 on a, fois 12g on v te 


H 5. . Ex. 


feet 


- dimenfions. _ 


154 TIMBFR MEASURING. 
Ex. 2. Required the content of a board, whoſe 
length is 11 feet 2 inches, and breadth 1 foot 10 inches. 
DY FE 8". 
Ex. 3. What is the value of a plank, which is 12 
9 inches Jong, and 1 foot 3 inches broad, at 22d a 
foot 2 e A ; I Anf. 3s 32d. 
Ex. 4. Required the value of 5 oaken planks at 3d 
* foot, each of them being 171 feet long; and their 
everal breadths are ab follows, namely, two of 13% 
inches in the middle, one of 14 inches in the middle, 
and the two remaining ones, each 18 inches at the 


broader end, and 114 at the narrower. Anſ. L1 5 81. 


PROBLEM II. 


7 o find the Solid Content of Squared or F our-ſided Timber. ; 


Multiply. the mean breadth by the mean thickneſs, 
and the product again by the length, and the laſt pro- 


duct will give the content. 


By the Sliding Rules 
_ EN D 5 2 
As length 12 or 10 :: quarter girt : ſolidity, 
That is, as the length in feet on c, is to 12 on D when 


de quarter, girt js in inches, or de ie ea o when it 
is in tenths o 

the content on c. : 1 | 
Vote 1. If the tree taper regularly from the one end 


feet; ſo is the quarter girt on 5, to 


. 


by 


to the other, either take the mean breadth and thickneſs . 
in the middle, or take the dimenſions at the two ends, 


and half their ſum will be the mean dimenſions.  - 


2+ If the piece do not taper regularly, but is une- 
qually thick in ſome parts and ſmall in others, take ſe- 


- veral different dimenfions, add them all together, and 


divide their ſum by the number of them, for the mean 


The quarter girt is a geonictrical mean proportional 
e the mean breadth aud thickneſs, that is the 
ſquare root of their product. Sometimes unſkilful mea- 


fuxers uſe. the arithmetical ' mean inſtead of it, that is 


SY”. half 


— 
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Half their ſum; but this is always attended with error, 
and the more ſo as the breadth and depth differ the more 


from each other, | 


. E X A M P L E s. . 
I, The length of a piece of timber is 18 feet 6 inches, 


the breadths at the greater and leſs end 1 foot 6 inches 


— 


and 1 foot 3 inches, and the thickneſs at the greater and 
leſs end 1 foot 3 inches and 1 foot: required the ſolid con»: 
tent. | RP | 


Decimals, 5 Dꝛrodecimali. 
"13 $5: 55 26 e OH 
I”25 | F 
e 271 
1375 mean breadth : 4.0 
1*25 5 23 3 
1 13 & 
1 15 S 
1˙125 mean depth 1 x 6 
1375 mean breadth x 4 6 
Hong | E 1 2 
7875 „ 
3375 1 5 11 
1125 1 . * 15 <> 
% ß 
19 length 1 
ä ini ws A 3 A. 
—_—_— 8 
„ö Ä | i ah 2 
donne 2 


* 


TIMBER MEASURING. 


By the Sliding Rule. 
. I. | 
As 1 : 134 : : 164 : 223, the mean ſquare. 

EZ -D . 8 
: 1 :: 223: 14˙9, quarter girt. 
ECC th: 
As 18k : 12 :: 149 : 28˙6, the content. 


Ex. 2. What is the content of the piece of timber, 
whoſe length is 241 feet, and the mean breadth. and 
thickneſs each 104 teet? 2 Anf. 264 feet. 
Ex. 3. Required the content of a piece of timber, 
whoſe length is 2038 feet, and its ends unequal ſquares, 
the ſide of the greater being 101, and the fide of the 
leſs 97. | Anſ. 29838 feet. 
Ex. 4. Required the content of the piece of timber, 
whoſe length is 27:36 feet; at the greater end the 
- breadth is 1:98, and thickneſs 1.23; and at the leſs 
end the breadth is r*04, and thickneis o'g1. 2 Ip 
— * 7 | | Anſ. 41*278 feet. 


PROBLEM 111. Eo 
7. find the Solidity of Round or Unſquared Timber 


. Rule 1, or Common Rule. 


; | | | 8 bo 5 \ & 

' Multiply the ſquare of the quarter girt, or of 3, 

the mean eircumference, by the length, for the content 

wo By the Sliding Rule. © 

As the length upon c: 12 or 10 upon yz: 

| quarter girt, in 12ths or 1oths, on Þ ; content om o. 
12 Note. 1. When the tree is tapering, take the mean 
dimenſions as in the former problems, either by girting 

it in the middle, for the mean girt, or at the two ends, 

and take half the ſum of the two. But when the tree 

1 a 3 ö 3 5 | i 


F Dm N 
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is very irregular, divide it into ſeveral lengths, and find 


the content of each part ſeparately. | 
2. This rule, which is commonly uſed, gives the 

anſwer about + leſs than the true quantity in the tree, 

ar nearly what the quantity would be after the tree is 

hewed ſquare in the uſual way: ſo that it ſeems intended 

to make an allowance for the ſquaring of the tree. When 

Jos true quantity is defired, uſe the 2d rule, ge be- 
„ 


* * 4 


1. A piece of round timber being 9 feet 6 nebes long, | 
and its mean quarter girt 42 inches; what is the content? 


Decimals. | Duodecimals, 
3*5 quarter girt $ 
333 Wie, 8 

175 10 6 

105 1 
12˙2 5 1 323 297 | 
9's length 1 
6125 | 710-3: 
1102 5 6 
116˙375 cCuntent 116 + 6 


So By the Sliding Rule. 
%%% 

AA 95 : 10 38 1165 
Or 9˙5 : 12 :: 42: 1163 


Ex. 2. The length of a tree is 24 feet, its girt at the 
thicker end 6 feet, and 1 the N end 2 feet; required 
we content, - Anl. feet. 


* 
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Ex. 3. What is the content of a tree, whoſe mean 
girt is 3 15 feet, and length 14 feet 6 inches 
Anſ. 89929 feet. 
Required the content of a tree, who _ 
is 1 — which girts in five different. places as fol- 
lows, namely, in the firſt place 943 feet, in the ſecond 
7:92, in the eg of in FOO fourth 4*74, and in the 
fifth * EE Anf. . 


RULE 11. 


Multiply the ſquare of F of the mean girt by double | 
the length, and the _—_ will be 15 . very 
ncar the n. | 


| By hs Sliding Rule. 
As the double length on : 12 or 10 n :: 
Z of the girt, in 12ths or toths, on Þ : content on c. 
E Xx AMP IL E . 


7. What is the content of a tree, its length being 9 
feet 6 inches, and its mean girt 14 feet? 


Deci mals. | Duodecimals. 
5 "I . 4 of girt : 


CY 
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EU Meding Rewer 0006000 
L 1 


As 19 : 10 :: 28. 149 
Or 19. 12 337 149 · 


Ex. 2. Required the content of a tree, which is 24 
feet long, and mean girt 8 feet. Anſ. 122*88 feet. 

Ex. 3. The length of a tree is 141 feet, and mean 
girt 315 feet; what is the content? Anſ. 11 · 61 feet. 
Ex. 4. The length of a tree is 174 feet, and its mean 
| girt 628 3 what is the content? Anſ. 534065 feet. 


Other curious problems relating to the cutting or 
timber, ſo as to produce uncommon effects, may be found 
in my large Treatiſe on Menſuration; from which may 
be ſeen the abſurd and miſchievous conſequences attend- 
ing the conſtant uſe of the firſt or common rule for mea- 


ſaring round timber in all-cafes. 


1 5 
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Apr. compute the contents 4 their works | 
by ſeveral different meaſures. 


5 As glazing and maſonry by the foot. % 
| Fainting, Plaſtering, paving, &c. by the yard, of "oe 
5 ſquare feet. 

Flooring, partitioning, roofing, tiling, Ke. by the ſquare, 
| of 100 ſquare : 
And vrickwork eee by the yard of g ſquare feet, or 
by the perch, or ſquare rod or poles containing 2724 
_ fquare feet, or 303 ſquare yards, ing the {ſquare of the 

rod or pole of 164 feet or 53 yards long. 

As this number 2724 is a troubleſome number to di- 
| vide by, the 4 is often omitted in practice, and the con- 
tent in et divided only by the 272. But as this is not 
; exact, it will be both better and eafier to multiply the 
feet by 4, and then divide ſucceſſively by , 11, and 11. 


Alſo ta divide ſquare yards by 304, firſt multiply them by 


45 and then divide twice by 11 

All works, whether ſuperficial or ſolid, are computed 

dy the rules proper to the figure of them, whether it be 

a triangle, or rectangle, a parallelopiped, or * other 
e. 


„„ 
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BRICKLAYERS WORK. 


* 


BRiex woa is eſtimated at the rate of a brick and 
a half thick; and if a wall be more or leſs than 
— ſtandard thickneſs, it muſt be reduced to it, as fol · 
ows : | | 2 
Multiply the ſuperficial content of the wall by the 
number of half bricks in the thickneſs, and divide the 
product by 3, 1 5 
The dimenſions of a building are uſually taken b 
meaſuring half round on the outfide, and half round it 
on the inſide; the ſum of theſe two gives the compaſs 
of the wall, to be multiplied by the height for the con- 


tent of the materials. 


Chimneys are by ſome meaſured as if they were ſolid, 
deducting only the vacuity from the hearth to the mantle, 
on account of the trouble of them. INE | 

And by others they are girt or meaſured round for 
their breadth, and the height of the ſtory is their height, 

taking the depth of the jambs for their thickneſs, And 
in this caſe no reduction is made for the vacuity from 
the floor to the mantle tree, becauſe of the gathering 
of the breaſt and wings, to make room for the Fewnd in 
the next ſtory, _ F 75 15 5 

To meaſure the chimney ſhafts, which appear abore 
the building; girt them about with a line for the breadth, 

to multiply by their height, And account their thickneſs 
half a brick more than it really is, in conſideration of the 
plaſtering and ſcaffolding. | an 


r treated. 3 
- __ 


. 96 — 9 * 
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All windows, doors, &c. are to be deducted out of 
the contents of the walls in which they are placed. But 
this deduction is made only with regard to materials; 
for the whole meaſure is taken for workmanſhip, and 
that all outſide meaſure too, namely, meaſuring quite 


round the outſide of the building, being in conſideration 


of the trouble of the returns or angles. They have 


alſo ſome other allowances, ſuch as double meaſure for 


feathered 225 ends, „ 


. EXAMPLE $ | 
1. How many yards and rods of ſtandard n 


| n or compaſs is 57 feet 3 inches, 


* 24 feet 6 n the wall Being 122 bowks 
"7 5 half bricks thick? 


nnn 


—Bv 


e Decimals, 4 fp = oh 
| | 87'25 57 8 
A * | 
1 28625 5 234 0 I 
22900 ng. b 
11450 W 26 1 6 
7 1407 625 140 2 5 ew til 
„ 1 333 
EZ PT ry ; 8 
2337708 feet 9 | 2337 
1 25974547 __ . * 6 
ee eee 
+ 11] 1038 „ 114 1036 0 
1 3.4 4528 % 11 
rods | OR: Anſ. x. or 2 225 6f 8 5 


1 
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» RS » i747. 14 a Xi. 9 rn * e 
1100 — 
By the Sliding Rule, 


B A B A 
As 1 : 244 ti 574 : 1403. 


5 Ex. 2. Required the content of a wall 62 feet 6 inches 
long, and 14 feet 8 inches high, and 25 bricks thick. 
Anſ. 169˙7 $3 yards. 
Ex. 3. A triangular gable is raiſed 274 ir igh, on 
an end wall whoſe length is 24 feet 9 inches, the thick- 
neſs being 2 bricks ; required the reduced content. 
Ex. 4. The end wall of a houſe is 28 feet 10 inches 
long, and 5 $ feet 8 inches high to the eaves ; 20 feet 
thigh is 23 bricks thick, other 20 feet high is 2 bricks 
thick, and the remaining 15 feet 8 inches is 1+ brick 
thick; above which is a triangular gable, which riſes 42 | 
co f 


files of bricks, of which every 4 courſes make a 
foot, - What is the whole content in ſtandard meaſure? 
Z Au. 253626 yardes 


- 


5 4 ” : 
| i 


7 Z TY + . 1 7 + = * > 5 « : * 8 1 ; 
"A 3 1 + þ , 2 4 
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MASONS WO R K. 


| e. 
0 10 maſonry belong all ſorts of ſtone work; and the 
| cr. made uſe of is a foot, either ſuperficial or 


Walle, columns, blocks of ſtone or marble, &c..are 


meaſured by the cubic foot; and pavements, ſlabs, 


. chimney-pieces, &c. by the ſuperficial or ſquare fo. 
. "Cubic or ſolid meaſure is uſed for the materials, and 
ſquare meaſure for the workmanſhip, 

In the ſolid meaſure, the true length, breadth, and 

thickneſs, are taken, and multiplied continually toge- 

ther. In the ſuperficial, there muſt be taken the length 
and breadth of every part of the 8 which is 
ſeen without the upright face of the building. 


EXAMPLES. 


I. Required the ſolid content of a wall, 53 feet 6 
inches long, 12 feet z inches high, and 2 feet thick, | 
E 1-0 Diecimals. Duodeci mali. 


53˙ 20S M0 
Ws 7: 142 3 
642%0 642 © 
F { 
655˙375 bs 4 6 
; 2 5 | 2 
1310˙ 50 anſ. 1310 9 90 


NM ASO NS WOR K. 165 
7 the Sliding Rule, 


I NO A 
I 2 $34 :: 131: 666 
x 2: 6656 2: 32 1310. 
Ex. 2. What is the ſolid content of a wall, the length 
being 12 feet 3 inches, height 10 feet g inches, and 2 
feet thick ? | Anſ. 521*375 feet. 


Ex. 3. Required the value of a marble ſlab, at 8s per 
foot; the length being 5 feet 7 inches, and breadth x 
foot 19 inches. Anſ. £4 1 10% 

Ex. 4. In a chimney 128 ſuppoſe the 


length of the mantle and ſlab, each Af Gin 

breadth of both together 3 2 

length of each add 4 4 

breadth of both togetger 19 4 
| Required the ſuperficial content. Ani. 21f 10in. 


* * * — 
3 ” 4 K . ro . « * 4 727 
x * LY * - * * E "4 * FE 


£ % b : * 4 7 7 * - 
* * 4 „ - - 4 
J 45020 EET. £2 $750 
4 # — + 
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T O this ch RPM all the ee a a. dente 
fuch as flooring, partitioning, roofing, GC. | 


' Note. Large and plain articles are uſually 3 
by the ſquare foot or yard, &c. but inriched mouldings, 
and ſome other articles, are often eſtimated by running 
5 or lineal meaſure, and ſome things are rated by ihe 

=; nes. 
Wed * In meaſuring of joiſts, it is to be obſerved, that only 
| done of their dimenſions is the ſame with that of the 
floor; and the other will exceed the length of the room 
by the thickneſs of the wall, and + of the ſame, becauſe 
each end is let into the wall about 2 2 of its thickneſs. 
No deductions are made for hon on account of the 
| additional trouble and waſte of materials, 
Partitions are meaſured from wall to wall for one di- 
; menſion, and from floor to floor, as far as they extend, | 
for the other. 
Neo deduction is made for door-ways, on account of 
the trouble of framing them. | 
In meaſuring of joiners work, the ring i is made to 
ply cloſe to every part of the work over which it * 
| e 


14 
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The meaſure of centering for cellars is found by mak- 
ing a ſtring paſs over the ſurface of the arch for the 
breadth, and taking the length of the cellar for the 
length; but in groin-centering, it is uſual to allow. x 
double meaſure, on account of their extraordinary 

In roofing, the length of the houſe in the inſide, to- 
gether with 1 of the thickneſs of one gable, is to be 
conſidered as the length; and the breadth is equal to | 
double the length of a ſtring which is ſtretched from the 
ridge down the rafter, and along the eaves-board, till it } 
meets with the top of the wall. IH» | 

For flair-caſes, take the breadth of all the ſteps, by i 
making aline ply cloſe over them, from the top to the | 
bottom, and multiply the length of this line by the 
length of a ſtep for the whole area.— By the length of a 
ſtep is meant the length of the front and the returns at | 

the two ends, and by the breadth is to be underſtood the 
girt of its two upper ſurfaces, or the tread and rifer. 
For the baluſtrade, take the whole length of the upper 
part of the hand- rail, and girt over its end till it meet w 
the top of the newel poſt, for the length; and twice the 
length of the baluſter upon the landing, with the girt of 
the hand-rail, for the breadth. | 5 

For wainſcotting, take the compaſs of the room for 
the length; and the height from the floor to the ceiling, 
making the ſtring ply cloſe into all the mouldings, for 
the breadth.— Out of this muſt be made deductions for 
windows, doors, and chimneys, &c, but workmanſhip 22 
is counted for the whole, on account of the extraordi- ; 
nary trouble. | EO 1 | 
For doors, it is uſual to allow for their thickneſs, by | 
adding it into both the dimenſions of length and breadth, - 13 

and then multiply them together for the area. If the 1 | 
= door be pannelled on both fides, take double its meaſure 13 
for the workmanſhip ; but if one fide only be pannelled | 
take the area and its half for the workmanſhip. For te ., 

. ſurrounding architt@ve, gird it about the qutermoſt + oy | | 

| | or — 


= — 
\ 4 
a 3 


1 
— N 
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for its length; and meaſure over it, as far as it can be 
ſeen when the door is open, for the breadth. 
| e een baſes, 8c. are meaf ured in the ene 


"Op manner. 


In the meaſuring of roofing for workmanſhip alone, 
all holes for chimney. ſhafts and ſky-lights are generally | 


| deducter. 


Bat in meaſuring for work and materials, they come 


monly meaſure in all ſky-lights, luthern-lights, and holes 


for the chimney ſhafts, on account of their trouble and 
waſte. o materials. . 


EXAMPLES. 


| 125 R d the content of a floor 48 feet 6 inches 
Den feet 3 inches broad, 


 Devimals, Duuodecimals. 
kg 43's 2 | e 
4247 5 24 3 
1940 284 8 
W 
8 8 
1176˙12 9 8 1176 "0 
93 dcp do. 11 76 1 ? 


2. A floor * 50 fer 3 inches 125 5 16 feet 
s inches broad, how many ſquares are in it? ? 


Anſ. 5 ſq. 983 * ling 


Ex. 3. How many ſquares are there in 173 feet 10 
inches in length, and 10 feet 7 inches height, of parti- 
tioning ? Anſ. 18*3972 ſquares. 

Ex. 4. What coff the roofing of a houſe at 108 6d a 
ſquare ; the length, within the walls, being 52 feet 8 


inches, and the breadth 30 feet 6 inches; reckoning the 
roof 2 of the flat? ene eee 612 12 . 
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Ex. 5. To how much, at 6s per ſquare yard, amounts 
the wainſcotting of a room; the height, taking in the 
cornice and mouldings, being 12 feet 6 inches, and the 
whole compaſs 83 feet 8 inches; alſo the three window 
ſhutters are each 7 feet 8 inches by 3 feet 6 inches, and 
the door 7 feet by 3 feet 6 inches; the door and ſhut- 
ters, being worked on both fides, are reckoned work 

and half work? Ani. £36 12 25» 


TALLER ꝶP 


77 1 N theſe articles, the content of a roof is found by 


multiplying the length of the ridge by the girt over 
from eaves to eaves; making allowance in this girt for 
the double row of ſlates at the bottom, or for how 
much one row of ſlates or tiles is laid over another. 

In angles formed in a roof, running from the ridge 
to the eaves, when the angle bends inwards, it is called 
a valley; hut when outwards, it is called a bißp. 
1 tg are made for chimney ſhafts or window 

0 CS, 5 f , AP” R £7 4 X | P 


- 


E K A M T E Sb 


4 5 


| 4 Required the content of a ſlated. roof, the length 


being 45 feet 9 inches, and the whole girt 34 feet 3 


inches. | 


& 0 
** 2 


„„ Decimals. 


e 
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x Duodecimals 5 
* 4575 „„ r 
„3 34 3 A 
— © Ek — 5 
4 o 205 6 N 
, f 13745 N 125 Ay 135 3 
114377 „ 3 
9 1566˙937 c feet Yard 5 3 | 
„ rr de og | 


Ex. 2. To how much amounts the tiling of a bone, 

at 25s 6d per ſquare; the length being 43 feet 10 
inches, and the breadth on the flat 2) feet 5 inches, alſo 
the caves projecting 16 inches on each fide? 


3 
0 


. 9 82. 


* 
— — — — — 
„ n 
e ee 


* 9 * 
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= * 
5 £4 3 5 ** 3 =» 


2 


r 1 


3 ns on of be, de been, 
ceiling, which is plaſtering upon laths; and ren- 6 


dering, Which is plaſtering upon walls: which are mea- 
ſured ſeparately. 9 
The contents are eſtimated either by the foot, or yard, 4 


or {ſquare of 100 feet, Inriched mouldings, &c. are 
rated by running or lineal meaſure. - 


1 * 


Deductions are to be made for chimneys, doors, win- 
dows, 8&c. But the windows are ſeldom deducted, as 
the plaſtered returns at the top and ſides are allowed to 


ee for the window Veg: 


— 0 | | ; . "RG 


. 


1 oa 25 
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n 


1. How many yards contains the G which is 43 
feet 3 inches long, and 2 5 feet 6 inches broad? 


Decimals. ; Duodecimals. 
43˙25 1 
„ a 2234 ; © 
CCC 
86850 eee Gs, 6 
21625 "82: | 
9) 1102875 9) 1102 10 6 


yds 122˙641 . 1227 4 10 67 


Ex. 2, To how much amounts the ceiling of a room, 
at Iod per yard; the length being 21 feet 8 inches, and 
the breadth 14 feet 10 inches ? Anſ. C1 9 84. 

Ex. z. The length of a room is 18 feet 6 inches, the 
breadth 12 feet 3 inches, and height 10 feet 6 inches; to 


how much amounts the ceiling and rendering, the former 


at 8d and the latter at 3d. per yard; allowing, for the 
door of 7 feet by 3 feet 8, and a fire place * feet 


88 | Anſ. £8 5 6% 


Ex. 4. Required the quantity of plaſtering in a room, 


the length being 14 feet 5 inches, breadth 13 feet 2 


inches, and height g feet 95 inches to the under ſide of 
the cornice, which girts 82 inches, and projects 5 inches 
fromthe wall on the upper part next the ceiling: educ. 

ing only for a door 7 feet by 4. : 


Anſ. 83 6f of of rendering 
N : 6 of ceiling 
39 of of cornice, 
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PAINTERS W OR K. 


PAINTERS work is - computed in ſquare yards. 
Every part is meaſured where the colour lies,; and 
. the meaturing line is forced into all the mouldings, and 
C | 34 
Windows are done at ſo much a piece, And it is 
uſual to allow double meaſure for carved mouldings, &c. 
E X AM IL E s. 


1. How many yards of painting contains the room 
which is 65 feet © inches in compaſs, and 12 feet 4 


4 


inches high? | . 
Dieci mals. Duodecimals. 
. 65 6 
e 1 
786˙⁰ 786 0 
2283 „ 
e 8% 2 


„ 89788 Anſwer 89 6 10 


Ex. 2. The length of a room being 20 feet, its 
\ breadth 14 feet 6 inches, and height ro feet 4 inches; 
how many Jum of painting are in it, deducting a fire- - 
place of 4 feet by 4 feet 4 inches, and two windows each 

feet by 3 feet 2 inches ? Anſ. 732, yards. 
Ex. 3. What coſt the painting of a room, at 6d per 
yard; its length being 24 feet 6 inches, it breadth 16 
Feet 3 inches, and height 12 feet 9 inches; alſo the door 
is-7 feet by 3 feet 6, and the window ſhutters to two 
windows each 7 feet 9 by 3 feet 6, but the breaks of the 
windows themſelves are 8 feet 6 inches high, and 1 foot 
z inches deep: deducting the fire- place of f feet by 5 
feet 6? | N 


Anſ. oa. 
i 


— 


- 
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in 00 ROME 


GEA Z IERsS take their dimenſions either in feet, 

inches and parts, or * tenths and hundredths. 
And compute their work in ſquare feet. 

In taking the length and breadth of a window, the 


croſs bars between the ſquares are included. Alſo win- 


dows of round or oval forms are meaſured as ſquare, 
meaſuring them to their greateſt length and breadth, on 
account of the waſte in cutting the glaſs, 


EXAMPLE s. 
Bd How many ſquare feet contains the window which 


1s 4*25 feet long, and 2*75 feet broad? 


Decimats. Duodecimals, | 
2˙7 5 | 2 9 
45 4 3 
110 + 11 © 

6875 „ 


11.6875 Anſwer e 2 3 


2. What will che ak A ann. ſky- light come 


to, at 10d per foot; the baſe being 12 feet 6 inches, and 


the PETE height 6 feet g inches ? 
Anſ. £ 4 7 21. 
3. There is a houſe with three tier of windows, three 
windows in each tier, their common 1 4 feet 11 
inches; 
now the height of the firſt tier is 57 10 
of the ſecond 6 8 
of the third 3 
Kequind the W of glazing at 14d per foot. 
10. 
4 Required the expence of glazing the windows of 
a houſs at 13d a foot; there being three ſtories, and 
three windows i in each ſtory ; 135 


1 PAVERS WO RX. 


the height of the lower tier is 7. 95 
of the middle - 6 6 


| of the upper 8s 34 
and of an oval window over the door 1 105 


The common breadth of all the windows being 3 feet 
9 it inches, - £12 6. 


3 rr WORK. 


JAVERS work is done by the ſquare yard. And 


— the content is found b multi in the * by 
1 ite breadth. 95 an x | 


Are 


| E X AMPLE s. 
. What coſt the paving a foot-path at 3s 4d a yard; 
Wi length being 35 feet 4 inches, and breadth 8 feet 3 


inches 7 : 
Wi Decimals. . N ; 
tz : 8 1 5 ö 
282 · 66 | 282. 8 
| \ r | ap. . 
| 9) 291˙5 90 597 6. 
| 2 | 32 38 Content ; 32 3 6 ; 
| 3 28 is 78 72365 : | 0 £ © 3 4 
| 2.54 RISE... ; uh 
| g 6 _ 4dis 1 800 A. 
. 1373985 „ | 
20 | 
s 79620 1 
AI ts MG. dd 
d 11:5440 Anſwer £5, 7 114 


» 
- 


— ON TAR —— OT; I > RS eres 2 — 8 


e. EX 


PLUMBERS WORK. 176 


Ex, 2. What coſt the paving a court, at 3s 2d per 
yard; the length being 27 feet 10 inches, and the 
breadth 14 feet ꝗ inches ? Anſ. 7 4 42. 


Ex. 3. What will be the expence of paving a rectan- 
gular court yard, whoſe length is 63 feet, and breadth 
45 feet; in which there is laid a foot-path of 5 feet 3 
inches broad, running the whole length, with broad 
ſtones, at 38 a yard; the reſt being paved with pebbles 
at 28 6d a yard? _ Anſi £ 40 5 10G 


„ L. U M n E RA wW o il 


PLUMBERS work is rated at f much a pound 
or elſe the hundred weight, of 112 pounds, 


Sheet lead uſed in roofing, guttering, &c. is from 7 to 
ralb to the ſquare foot. And a pipe of an inch bare is 
commonly 13 or 14lb to the yard in length, 


RV XAMFLESH a 


1. How much weighs the lead which is 9 feet 6 


*% 


inches long, and 3 feet 3 inches broad, at 8zlb to the 


1quare feet ? 


* . 


6 ur Dod AND 


' Decimals. 1 Duodecimals. 
e , $0795 
31 r 
118˙5 * 18 6 
8 | 9 10 6 
1 128-375. 1 | 128 Us .6 
A 
8 8 ISL RIM 1024 
10277000 8 64 
64˙1875 24 
20911875 Anſwer | 1091 Alb. 


Ex. 2. What "coſt the covering and ttering a roof 


: with lead, at 18s the cwt. ; ; the length of the roof being 


43 feet, and breadth or girt over it 32 feet; the gut- 
tering 57 feet long, and 2 feet wide; the former 9 8 3 ilb, 


and the latter 75751 r foot ? 


Auk: is 9 * 


rr 


A u c H E D R O 0 F 8. 
4 o ED roofs are Si Lanes, domes, ſaloons, or 


groins. 
J —— roofs are formed by arches ſprin ging from the 


| Wt walls, and meeting in a line at the ps 


Domes 


— 
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Domes are made by arches ſpringing from a circular 
or polygonal baſe, and meeting in a point at the top. 
Saloons are formed by arches connecting the ſide walls 
to a flat roof, or ceiling, in the middle. 

_  Groins are formed by the interſection of vaults with 
each other, 
: Vaulted roofs are commonly of the three following 

orts 2: L | 
. I, Circular roofs, or thoſe whoſe arch is ſome part 
of the circumference of a circle, | 
2. Elliptical or oval roofs, or thoſe whoſe arch is an 
oval, or ſome part of the circumference of an ellipſis. 

3. Gothic roofs, or thoſe' which are formed by two 
circular arcs, ſtruck from different centres, and meeting 
in a point directly over the middle of the breadth, or 
ſpan of the arch. e e 25 


PROBLEM TI 


To find the Surface of a Vaulted Roof. | 


: Multiply the length of the arch by the length of the 
vault, and the product will be the ſuperficies 


Note. To find the length of the arch, make a line or 


ſtriog ply cloſe to it, quite acroſs from fide to ſide. 
; „ 1 
1. Required the ſurface of a vaulted roof, the length 


of the arch being 31-2 feet, and the length of the vault 


120 feet. | 
L Z1*2 
120 


— — 


Anf.' 3744˙0 ſquare feet. 5 


—— 


| _ Ex. 2. How many ſquare yards are in the vaulted 
roof, whoſe arch is 42*4 feet, and the length of the 


vault 106 feet ? "I Anſ. 499˙37 yds, 
* | 1 P R o- 


194 


— 


11 „av r r AND 
5 \ ; ; 


PROBLEM: IT | 
To find the Content of the Concavity of a Vaulted Roof. 


Multjply the length of the vault by the area of one 


end, that 1s, by the area of a yertical tranſverſe * 
for the content. 


Note. When the arch is an ond, multiply the ſpan 
by the height, and the product by +7854 for the area. 


"EXAMPLE 8. 


2. Required the content of the concavity of a ſemi . 
circular vaulted roof, the ſpan or diameter being 30 
feet, and the length of the vault 1 50 feet. 
: | 7884 
3 + 5 goo the are of 30 
2) 706 ·86 | 
333˙43 area of the end 
150 the 8 4 
1767; | 
Py „ 1 


1 01-450. the anſwer 
es e 
Ex. 2 2. Wat; is the contgnt of the vacuity of an oval 
Yault, whoſe ſpan is 30 feet, and height 12 feet; the 
length of the vault being 60 feet? Anſ. 1694˙64. 
Ex. 3. 1 the content, of the vacuity of a Go- 
thic vault, whoſe ſpan is zo feet, the chord of each arch 
5o feet, and the diſtance of each arch from the middle 
of n gr 15 N alſo the length of the vault 20. 
mk, 465648 


_— 
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PROBLEM III. 


To find the Superficies of a Dome. 
Find the area of the baſe, and double it; then ſay, as 


the radius of the baſe, is to the height of the dome, ſs 
is the double area of the baſe, to the ſuperficies, 


Note, For the ſuperficies of a hemiſpherical dome, 
take the double area of the baſe only. 
14 > RT 

1. To how much comes the painting of an octagonal 

ſpherical dome, at 8d per yard; each fide of the baſe 
being 20 feet ? : 335 . 

4828427 tabular are Wy 

400 ſquare of 20 


1931•3708 area of the baſe 93 


oy 9 ) 3862+7416 ſuperficies in feet 
a yards 


FLY 


13343358472 
2,0 | 28˙6. 1 


| £14 6 14 anſwer 


* 1 
4 * 


* 1 * 
[1 


Ex. 2. Required the ſuperficies of a hexagonal ſph 
rical dome, bo of the baſe being 10 feet. _— 
Anſ. 519*6152.. 
Ex. 3. What is the ſuperficies of a dome with a cir- 
cular baſe, whoſe circumference is 100 feet, and height 
20 feet? Anf. 2000 feet. 


„ Toe P R O 


— 


bad L * 4 
, "44 „ 
* ; 1 4 
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| PROBLEM Iv. 
To find the Solid Content of a Dome. 
EE hu the area of the baſe by + of the m_ 
EXAMPLE $. 


1. Required the ſolid content of an octagonal "ey 
each fide of the baſe being 20 "ow and the height 21 


feet. 


4828427. 
Chop 4l 


1031 3708 area of the baſe 


1 TERS 14 z of ee 


772548 32 
2325 93 


— 4 


27039 1912 anbver 


Ex. 2. What is the folid content of 3 a ſpherical dome, 


the diameter of whoſe circular baſe is 30 feet ? 


Anſ. 7068- 6 feet. 
PROBLEM „ 
To find the Szperficies of a Saloon, 


i its breadth by applying a firing cloſe to it acroſs 
the ſurface. Find alſo its length by menſiiring-along the 
middle of it, quite round the room. 8 


Aue multiply theſe two together for ths ſurface, 
\ E XAMP L E. 
TS and | 


its mean * about 100 feet, required 


..+\ 


” - 7 1 * * , 
: F 

2 - 9 : . * 
& 1 1 - : 2 < „ Fl b , 

ME 8-444 of ' 1 a — 
- 54 245 [I a A + id 745 . 

* 

| 54 4 , 
- 


500 anſwer. 


— , "PR O-, 


ARCHED ROO PF 5s. WS 
PROBLEM VI. 


To find the Solid Content of a Saloon, 


Multiply the area of a tranſverſe ſection by the com- 
paſs taken around the middle part. Subtract this pro- 
duct from the whole vacuity of the room, ſuppoſing the 
walls to go upright all the height to the flat — * 
the difference will be the anſwer. | 


E X AM F L E. 


If the height AB of the ſaloon be 3 · 2 feet, the chord 
Ape of its front 4*5, and the diſtance pz of its middle 
part from the arch be 9 inches; required the ſolidity, 
1 the mean compaſs to be 50 feet. 


„ . 
— 4 0:75 DE K | 
2˙25 AD 9775 
225 nn 
—— | 7 N 
„ 
459 5625 
0625 ap? 7 
3625 D* 


5 6250 ( 2437 AE | 


ba Fi. | 
43 162 PE 1 ) 9448. 
3 129 — 80 g 
— , 3 16123 FAE 5 #& 
46 | 33 450 40 
— 76 1235 
= DB ; 


Tl" area ſeg. ADCEA, 


Again 


7 


rr AARP, 


Again 3*2 4*5 


1 
: 95 180 ; note wt 
———— | j 


1X 20024 +. 20125 ac. 
— 1024 ** 


0 10·0¹ * 16 = nc 
«7 1*6 = FAB 
61 * wy; 19 6 
; 1 
| GT pane area of cine ABC 
| | 5 — les + area ſeg. 
| | —_ Yd * | 2-558 area of eee "AECBA 
| $9 compaſs © 
I 137-900 content of the & ſolid part 
Then this taken from the whole e ſpace, will 
Leave the content of the "re I. chin the 
room. 4 | £28 s es « 
*% e PROBLEM II. * 
TF0 fn the Concave Super ficits of a Groin. 1 
5 To the area of the baſe add part of irfelf,” for the 
| bree content. 


* 2 ren e 


— 


EXAMPL 2 6, 


1. What is the ſuperficiaF content of the groin arch, 
r baſe of ACTOR en fide ? 


SV a 8 
3 


nb RIGS 
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79525 ares be the Bd | 
| 325 its 7th part | 


2 57 anſwer 


F 
BW — 


Ex. 2. Required the ſuperficies of a groin arch, raiſed 
on a rectangular baſe, whoſe dimenſions are 20 o feet oF 
| PROBLEM II. 
To find the Solid Content of a Groin Arch. 


Multiply the area of the baſe by the height ; from 
the prod? ſubtract V of itſelf, and the remainder will 
be the content of the vacuity. 


EXAMPLE 8. 0 


1. Required the content of the vacuity within a groin 


arch, ſpringing from the ſides. of a ſquare baſe, each 
1 of which is 16 feet. 


1 
16 

33 96 
16 


256 area of baſe 
WT tr or radius 


—— — 


2048 


r = ſubtract 


12 —— 


| 3863} anſwer 
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2. What is the content of a vacuity below an oval 


rs. the fide of its ſquare baſe being 24 feet, and its 
ight 8 feet? | Anſ. 41473. 


NOT E S. 


1. To find the ſolid content of the brick or ſtone 
work, which forms any arch or vault: Multiply the 
area of the baſe by the height, including the work over 
the top of the arch; and from the product ſubtract the 
content of the vacuity found by the foregoing problems ; 
mr remainder will be the content of the ſolid ma- 
terials. * | CITES 

2. In groin arches however, it is uſual to take the 


whole as ſolid, without deducting the vacuity, on account 5 


of the trouble and waſte of materials, attending the 
cutting and fitting them to the arch. = 


* 


LAND SURVEYIN S. 


CHAPTER 1. 

| Deſcription and Uk of the Alanis: 
1. 07 Tus 3 
— /5 28), ISR 


T 


T,AND is fa with a chain, called Gunter*s 
chain, of 4 poles or 22 yards in len gth, which con- 
. fiſts of 100 equal links, each link being d of a yard 
or 5; of A foot, or 792 inches long, that is is, nearly 8 
inches or 3 of a foot. 
An acre of land, is equal to 10 ſquare chains, that 
is, 10 chains in length and 1 chain in breadth, Or it is 
220 X 22 or 4840 ſquare yards. Or it is 40 Xx 4 or 
160 ſquare poles. Or it is 1000 X 100 or 100000 ſquare 
links. Theſe being all the ſame quantity. 
Alſo, au acre is divided into 4 parts called roods, and 
a rood into 40 parts called perches, which are ſquare 
poles, or the ſquare of a pole of 5 yards long, or the 
ſquare of f of a chain, or of 25 links, which is wil 
ſquare links. So that the diviſions of land meaſure wi 
be thus : 1 
625 g. licks == 1 pole or perch SEEN 
40 perches = 1 rood ry 15 
4 roods D 1 are * 
The 
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2 Tue length of lines, meaſured with a chain,” are ſet 
down in links as integers, every chain in length being 
100 links; and not in-chains and decimals. Therefore 
after the content is found, it will be in ſquare links ; 
then cut off five of the figures on the right-hand for 
decimals, and the reſt will be acres. Thoſe decimals 
are then multiplied by 4 for roods, and the decimals of 
| theſe n by 40 for perches. 


5 EXAMPLES, 


Su noſe the length of a rectangular r. of ground 
be * links, and its rr 385 ; to * the area in 
acres, od, and perches. 


792 
. 
3960 
„ 
2375. ; 
| 3704920 ar "of . 1. 
FI 


19680 
40 


bo 7'87200 


TY or. THE PLAIN TABLE. 


This inſtrument conſiſts of a plain rectangular board 
of any convenient ſize, the centre of which, when uſed, 
is fixed by means of ſcrews to a three-legged ſtand, hav- 
ing a ball and ſocket, or joint, at the top, by means of 


which, when the legs are n on the: e the table 5 
18 inclices i in any Arden. 6 


To the table belongs. a 
9 | 5 f | Is £A 
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1. A frame of wood, made to fit round its edges, and 
to be taken off, for the convenience of putting a ſheet 
of paper upon the table. The one ſide of this frame is 
uſually divided into equal parts, for drawing lines acroſs 
the table, arallel or perpendicular to the ſides; and 
the other ſide of the frame is divided into 360 degrees 
from a centre which is in the middle of the table; 
” means of which the table is to be uſed as a theodo- 
ite, &c. | 2 

2. A needle and compaſs ſcrewed into the fide of the 
table, to point out the directions, and to be a check 
upon the fights, | 2 ä | 

3. An index, which is a braſs two-foot ſcale, with 
Ahe a ſmall teleſcope, or open naher erected perpendi- 
cularly upon the ends, Theſe fights and one edge of 
the index are in the ſame plane, and that edge is called 
the fiducial edge of the 39 1 $a Dh; 
Before you uſe this inſtrument, take a ſheet of paper 
which will cover it, and wet it to make it expand; then 
ſpread it flat upon the table, preſſing down the frame 
upon the edges, to ſtretch it and keep it fixed there; 
and when the paper is become dry, it will, by con- 
tracting again, ſtretch itſelf ſmooth and flat from any 

cramps and unevenneſs. Upon fs: paper is to be drawn 
the plan or form of the thing meaſured. | 

In ufing this inſtrument, begin at any part of the 
ground you think the moſt proper, and make a point 
upon a convenient part of the paper or table, to repre- 
ſent that point of the ground; then fix in that point 
one leg of the compaſles, or a fine ſteel pin, and apply 
to it the ſiducial edge of the index, moving it round 
till through the fights you perceive ſome remarkable 

object, as the corner of a geld. &c. and from the ſtation. 
point draw a line with the point of the compaſſes e 


the fiducial edge of the index; then ſet another o 

or corner, and draw its line; do the ſame by ano ther, 
and ſo on till as many objects are ſet as may be tho ught 
neceſſary. Then meaſure from your ſtation tow ards 
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as many of the objects as may be neceſſary, and no 
more, taking the requiſite offsets to corners or crooks in 


the hedges, &c. and lay the meaſures down upon their 
_ reſpective lines upon the table. Then, at any conve- 


nient place, meaſured to, fix the table in the ſame po- 
fition, and ſet the objects which appear from thence, 


Sec. as before; and thus continue till your work is 
finiſhed, meaſuring ſuch lines as are neceſſary, and de- 


termining as many as you can by interſecting lines of 


direction drawn from different ſtations. 


And in theſe operations obſerve the following particu- 
lar cautions and directions. | | 
1. Let the lines upon which you make ſtations be 


directed towards objects as far diſtant as poſſible; and J 
when you have ſet any ſuch object, go round the table 
and look through the ſights from the other end of the 


index, to ſee if any other remarkable object lie directly 


- oppoſite; if there be not ſuch an one, endeavour to 


find another forward object, ſuch as ſhall have a remark- 
able backward oppofite one, and make uſe of it rather 


than the other ; uſe the back object will be of uſe. 


in fixing the table in the original poſition either when 
you have meaſured too near to the forward object, or 


when it may be hid from your fight at any neceſſary 


4 1 


A bu ation by intervening hedges, &c. 


2. Let the ſaid lines, upon which the ſtations are 


taken, be purſued as far as you conveniently can; for 


the work. ke 3 

3. At each ſtation it will be neceſſary to prove the 
truth of it; that is, whether the table be ſtraight in 
the line towards the object, and alſo whether the diſ- 
tance be rightly meaſured and laid down on the paper. — 


that will be the means of preſerving more accuracy in 


To know if the table be ſet down ſtraight in the line; 


lay the index upon the table in any manner, and move 
the table about till through the fights you perceive 


either the fore or back object; then, without moving 
the table, go round it- and look through the fights by 
a 0 5 | 2 | ne 
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the other end of the index, to ſee if the other object 
can be perceived ; if it be, the table is in the line; if 
not, it muſt be ſhifted to one fide, according to your 
judgment, till through the fights both objects can be 
ſeen.— The aforeſaid operation only informs you if the 


ſtation be ſtraight in the line; but to know if it be in the 


right part of the line, that is, if the diſtance has 

been rightly laid down; fix the table in the original 
poſition, by laying the index along the ſtation line and 
turning the table about till the fore and back objects 
appear through the ſights, and then alſo will the needle 
point at the ſame degree as at firſt ; then lay the index 
over the ſtation point and any other point on the paper 
repreſenting an object which can be ſeen from the 
ſtation; and if the ſaid object appear ſtraight through 
the ſights, the ſtation may be depended on as right; if 
not, the diſtance ſhould be examined and corrected till 
the object can be ſo ſeen. And for this very uſeful 
purpoſe, it is adviſable to have ſome high object or two, 
which can be ſeen from the greateſt part of the ground, 
accurately laid down on the paper — the beginning 
of the ſurvey, to ſerve continually as proof objects. 
When, from any, ſtation, the fore and back objects 
cannot both be ſeen, the agreement of the ſeedle with 
one of them may be depended on for placing the table 
22 on the line, and for fixing it in the original po- 

Of ſhifting the Paper on the Plain Table. 

When one paper is full, and you have occafion for 
more; draw a line in any manner through the fartheſt 
point of the laſt ſtation line, to which the work can be 
convemently laid down ; then take the ſheet off the 
- table, and fix another on, drawing a line upon it, in a 
part the moſt convenient for the reſt of the work; then 
fold or cut the old ſheet by the line drawn on it, apply 
the edge to the line on the new ſheet, and, as they lie 
in that poſition, continue the laſt ſtation Ihe upon the 
new paper, placing upon it the reſt of the meaſure, be- 
| 2 | | ging 
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ginning at where the old ſheet left off. And ſo on from 
cet to ſheet. 
When the work is done, and you would faſten all the 
ſheets together into one piece, or rough plan, the afore- 
_ Taid lines are to be accurately joined together, as when 
the lines were transferred from the old ſheets to the new 
Des. 
But it is to be noted, that if the ſaid joining lines, 

upon the old and new ſheet, have not the ſame inclina- 
tion to the fide of the table, the needle will not point to 
- the original degree when the we rectified ; and if 
the needle be required to reſpect {till the ſame degree of 
the compals, the eaſieſt way of drawing the lines in the 
ſame poſition, is to draw them both parallel to the ſame 
fides of the table, by means of the equal Givifions r mark- 
f * on the other two hoes. 5 | | 


3. OF THE CHEODOLITE. 


The theodolitei is a brazen circular ring, divided in- 
to 360 degrees, and having an index with fights, or a 
teleſcope, placed upon the centre, about which the in- 
dex is moveable; alſo a compaſs fixed to the centre, to 
pPoiat out courſes and check the fights ; the whole be- 
ing fixed by the centre __— a ftand of a convenient 
Height for uſe. | 

In uſing this inſtrument, an exact account, or field- 
book, of all meaſures and thiogs neceflary to be remarked 
in the plan, muſt be kept, from which to make out the 
plan upon your return home from the ground. 

Begin at ſuch part of the e and meaſure in fach 
directions, as you judge moſt convenient; taking angles 
or directions to objects, and meaſuring ſuch diſtances 
as appear neceſſary, under the. ſame reftriftions as in 
the uſe of the plain table. And it is ſafeſt to fix the 
theodolite in the original pofition at every ſtation by 
means of fore and back objects, and the compaſs, ex- 
actly as in uſing the plain table; regiſtering the num- 
kf of * cut off 1 che | index when directed 
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each object; and, at any ſtation, placing the index at 
the ſame degree as when the direction towards that ſta- 
tion was taken from the laſt preceding one, to fix the 
theodolite there in the original poſition, after the fame 
manner as the plain table is fixed in the original poſi- 
tion, by laying its index along the line of the laſt di- 
rection. | CO. | | | 

The beſt method of laying down the aforefaid lines 
of direction, is to deſcribe a pretty large circle, quarter 
it, and lay upon it the ſeveral numbers of degrees cut 
off by the index in each direction; then by means of 
a parallel ruler, draw, from ftation to ſtation, lines 
parallel to lines drawn from the centre to the reſpective 
points in the circumference. NY | 


4. OF THE CROSS, 


The croſs conſiſts of two pair of ſights ſet at right 
angles to each other, upon a ſtaff having a ſharp point 
at the bottom to ſtick in the grounnaga . 
The croſs is very uſeful to meaſure ſmall and crooked: 
pieces of ground. The method is to meaſure a baſe: 
or chief line, uſually in the longeſt direction of the 
piece from corner to corner; and while meaſuring it, 
finding the places where perpendiculars would fall up- 
on this line from the ſeveral corners and bends in the 
boundary of the piece, with the croſs, by fixing it, by 
trials, upon ſuch parts of the line as.that through one 
pair of the fights both ends of the line may appear, and 
through the other pair you can perceive the correſponds. 
ing bends or corners; and then meaſuring. the lengths 
of the ſaid perpendiculars. Wy: 


R E M A R ER s. | 
Beſides the fore - mentioned inſtruments, which. are 
moſt commonly uſed, there are ſome others; as the 
circumferentor, which reſembles the theodolite in ſhape 
and uſe z and the ſemi- circle, for taking angles, &c. But 
of all the inſtruments for meaſuring, the plain table is 
. 3 : | certainly 
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2 the beſt; not only becauſe it may be uſed as 
a theodolite or ſemi- circle, by turning uppermoſt that 
fide of the frame which has the 360 degrees upon it; 
but becauſe it is, in its own proper uſe, by much the 
eaſieſt, ſafeſt, and moſt accurate for the purpoſe; for 
by planning every part immediately upon the ſpot, as 
ſoon as meaſured, there is not only ſaved a great deal 
of writing in the field-book, but every thing can alſo 
be planned more eaſily and accurately while it is in 
view, than it can afterwards from a field-book, in 
which many little things muſt be either neglected or 
miſtaken; and beſides, the opportunities which the 
lain table affords of correcting your work, or proving if 
it be right, at every ſtation, are ſuch advantages as can 
never be balanced by any other method, But although 
tthe plain table be the moſt generally uſeful inſtrument, 
it is not always ſo; there being many caſes in which 
ſometimes one inſtrument is the propereſt, and ſome- 
times another; nor is that ſurveyor maſter of his bu- 
- fineſs who cannot in any caſe diſtinguiſh which is the 
- fitteſt inſtrument or method, and uſe it accordingly: nay 
ſometimes no inſtrument at all, but barely the chain 
itſelf, is the beſt method, particularly in regular open 
fields lying together; and even when you are uſing the 
lain table, it is often of advantage to meaſure ſuch 
large open parts with the chain only, and from thoſe 
meaſures lay them down upon the table. 1 

The perambulator is uſed for meaſuring roads, and 
other great diſtances on level ground, and by the fides 
of rivers. It has a wheel of 84 feet, or half a pole in 


_ "eireumference, upon which the machine turns; and the 


diſtance meaſured, is pointed out by an index, which is 
moved round by clock work. | 


Levels, with teleſcopic or other fights, are uſed to 
find the level between place and place, or how much 

one place is higher or lower than another. 
An offset-ſtaff is a very ufeful and neceſſary inſtrn= 
ment, for meaſuring the offsets and other ſhort * a 
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It is ro links in length, being divided and marked at 
each of the 10 links. | | | 

Ten ſmall arrows, or rods of iron or wood, are uſed 
to mark the end of every chain length, in meaſuring 
lines. And ſometimes pickets, or ſtaves with flags, are 
ſet up as marks or objects of direction. 
Various ſcales are alſo uſed in protracting and mea- 
ſuring on the plan or paper; ſuck as plane ſcales, line 
of chords, protractor, compaſſes, reducing ſcale, pa- 
rallel and perpendicular rules, &c. Of plane ſcales, 
there ſhould be ſeveral ſizes, as a chain in 1 inch, a 
chain in 2 of an inch, a chain in 
of theſe, the beſt for uſe are thoſe that are laid on the 
very edges of the ivory ſcale, to prick off diſtances by, 
without compaſſes. . | 

| THE FIELD-BOOK. 

In ſurveying with the plain table, a. field-book is not 
uſed,” as every thing is drawn on the table immediately 
when it is meaſured, But in ſurveying with the theo- 
dolite, or any other inſtrument, ſome ſort of a field-. 
book muſt be uſed, to write down in it a regiſter or ac- 
count of all that is done and occurs relative to the ſur- 
vey in hand. 3 | 1 | 
This book every one contrives 'and rules as he thinks 
| fitteſt for himſelf. The following is a ſpecimen. of a 
form very generally uſed. It is ruled into 3 columns: 
the middle, or principal column, is for the ſtations, 
angles, bearings, diſtances meaſured, &.; and thoſe on 


the right and left are for the offsets on the right and 


left, which are ſet againſt their correſponding diſtances in 


the middle column; as alſo for ſuch remarks as may oc- | 


cur, and be proper to note in drawing the plan, &c, 
Here © 1 is the firſt ſtation, where the angle or bear- 
ing is 105? 25, On the left, at 73 links in the diſtance 
or principal line, is an offset of 92; and at 610 an 
offset of 24 to a croſs hedge. On the right, at o, or 


the beginning, an offset 25 to the corner of the field x 


at 248 Brown's boundary hedge commences ; at 610 


T an inch, &. And 
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an offset 353 and at 954, the end of the firſt line, the o 
denotes its terminating in the hedge. And ſo on for 


the other ſtations. 
Draw a line under the THEY at the end of every ſta- 


tion line, .to prevent confuſion. 
Form of the Field-Book, 


Stations, | | 
Offeets and 3 Bearings, [Offsets and Remarks 
on * W on the right. 
Diſtances. | 


i O J | i 
3 ia 557 
| 25 corner 
92 * 
24 Brown's hedge 


croſs a hedge 24 F 610 35 
954 | oo 


houſe corner 51 | . 
4 | 29 a tree 
„„ 07 Yoon | uae: bai 


+. an. 
— 


8 * a brook zo +- 248 


een , $316 4 
croſs hedge 18 | 973 20 a pond 0 | q 
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But in ſmaller ſurveys and meaſurements, a very 
good way of ſetting down the work, is, to draw, by the 
eye on a piece of paper, a figure reſembling tliat which 
is to be meaſured; and ſo write the dimenſions, as they 
are found, againſt the correſponding parts of the figure. 
And this method may be practiſed to a conſiderable ex- 
tent, even in the larger ſurveys. | 


CH AS TT 1 IT, 
THE PRACTICE OF SURVEYING: 


"THIS part contains the ſeveral works proper to 
be done in the field, or the ways of meaſuring 
by all the inſtruments, and in all ſituations. 


PROBLEM I, 
To Meaſure a Line or Diſtance. 


To meaſure a line on the ground with the chain: 
Having provided a chain, with 10 ſmall arrows, or 
rods, to ſtick one into the ground, as a mark, at the end 
of every chain; two perſons take hold of the chain, one 
at each end of it, and all the 10 arrows are taken by 
one of them, who is to go foremoſt, and is called the 
leader; the other being called a follower, for diſtinc- 
tion's ſake, | LE e 
A picket, or ſtation - ſtaff, being ſet up in the direction 
of the line to be meaſured, if there do not appear ſome 

marks naturally in that direction; the follower ſtands 

at the beginning of the line, holding the ring at the end 
of the chain in his hand, while the leader drags for- 
| K 2 5 ward 
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ward the chain by the other end of. it, till it is ſtretched 
| ſtraight, and laid or held level, and the leader directed, 
by the follower \ waving his hand, to the right or left, 
till the follower ſee him exactly in a line with the mark 
or direction to be meaſured to; there both of them ftretch- 
ing the chain ſtraight, and ſtooping and. holding it le- 
vel, the leader having the head of one of his arrows 
in the ſame hand by which he holds the end of the 
chain, he there ſticks one of them down with it 
while he holds the chain ſtretched, - This done, he 
leaves the arrow in the ground, as a mark for the fol- 
lower to come to, and advances another chain forward, 
being directed in his poſition by the follower, ſtanding 
at the arrow, as before; as alſo by himſelf now, and at 
every ſucceeding chain's length, by moving himſelf 
from fide to fide, till he brings the follower and the 
back mark into a line. Having then ſtretched the 
chain, and ſtuck down, an arrow, as before, the fol- 
lower takes up his arrow, and they advance again in 
the ſame manner another chain-length. And thus they 
proceed till all the 10 arrows are employed, and are in 
the hands of the follower; and the leader, without an 
arrow, is arrived at the end of the 11th chain-length. 
The follower. t hen ſends or brings the 10 arrows to the 
leader, who puts one of them down at the end of his 
chain, and advances with the chain as before, And 
thus the arrows are changed from the one to the other 
at every 10 chains length, till the whole line is finiſhed ; 
when the number of changes of the arrows ſhews the 
number of tens, to which the follower adds the arrows 
be holds in his hand, and the number of links of an- 
other chain oyer to the mark or end of the line. So 
if there have been 3 changes of the arrows, and the fol- 
lower hold 6 arrows, and the end of the line cut off 
45 links more, the whole length of the line is ſet down 
in links thus, 3645. | | 
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PROBLEM II. 
To take Angles and Bearings. 


Let B and c be two objects, E 
or two pickets ſet up perpendi- | 

cular, and let it be required to 
take their bearings, or the angle 
formed between them at any  _ b 

| ſtation Aa. "0 *x Wile: I B 


1. With the Plain Table. 


The table being covered with a paper, and fixed on 
its ſtand ; plant it at the ſtation a, and fix a fine pin, 
or a point of the compaſſes in a proper point of the 
paper, to repreſent the point A: Cloſe by the ſide af 
this pin lay the fiducial edge of the index, and turn it 
about, ſtill touching the pin, till one object B can be 
| ſeen through the ſights : then by the fiducial edge of 
the index draw a line. In the very fame manner draw 
another line in the direction of the other object o. And 
it 18 done. 28 . I I | 

2. With the Theodolite, &c. 

Direct the fixed fights along one of the lines, as An, 
by turning the inſtrument about till you fee the mark 
y through theſe ſights; and there ſcrew the inſtrument 
faſt. Then turn the moveable index about till, through 
its fights, you ſee the other mark c. Then the degrees 
cut by the index, upon the graduated limb or ring of 
the inſtrument, ſhew the quantity of the angle. 


3. With the Magnetic Needle and-Compaſs.. 


Turn the inſtrument, or compals, ſo, that the north 
end of the needle point to the flower-de- luce. Then 
direct the fights to one mark as s, and note the degrees 
cut by the needle. Next direct the fights to the other 
mark c, and note again the degrees cut by the needle. 
Then their ſum or difference, as the caſe is, will give 

the quantity of the angle pac. e 

. K 3 | 4+ By 
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rection. But when theſe perpendiculars are very large, 
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4. By Meaſurement with the Chain, Se. 


{Meaſure one chain length, or any other length, 
along both directions, as to b and c. Then meaſure 
the diſtance be, and it is done. — This is eafily trans- 
ferred to paper, by making a triangle abc with theſe 
three lengths, and then meaſuring the angle A as in 
Practical Geometry, prob. xr. | 


PROBLEM 111. = 


To Meaſure the Offvets. | 
Ahiklmn being a crooked hedge, or river, &c. 


From A meaſure in a ſtraight direction along the fide of 


it to B; And in meaſuring along this line as obſerve 


when you are directly oppofite any bends or corners of 


the hedge, as at c, d, e, &c. and from thence meaſure 
the perpendicular offsets ch, di, &c. with the offset» 
ſtaff, if they are not very large, otherwiſe with the chain 


itſelf. An the work is done. And the regiſter, or 
field-book, may be as follow: p 


E lett.] Bale line AB. 


— 44 


Oo 
7 
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Note, When the offsets. are not very large, their 
places c, d, e, &c. on the baſe line, can be very well 
determined by the eye, eſpecially when aſſiſted by lay- 
ing down the offset-ſtaff in a croſs or perpendicular di- 
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find their poſitions by the croſs, or by the inſtrument 
which you happen to be uſing, iu this manner: As yon 
meaſure along AB, when you come about c, where you 
judge a perpendicular will ſtand, plant your mſtrument 
in the line, and turn the index till the marks A and B 
can be ſeen through both the fights, looking both back- 
ward and forward; then look along the croſs fights, or 
the croſs line on the index; and if it point directly to the 
corner or bend h, the place of c is right. Otherwiſe, 
move the inſtrument backward or forward on the line 
Ax, till the croſs line points ſtraight to h. This being 
found, fet down the diſtance meaſured from a to c ; 
then meaſure the offset ch, and ſet it down oppoſite 
the former, and on the left hand fide. | 

Then proceed forward in the line a B, till you arrive 
oppoſite another corner, and determine the place d of the 
perpendicular as before. And ſo on throughout the 
whole length. N ä | | 


PROBLEM IV. - 
To Sarwey a Triangular Field e. 
1. By the Chain. 


8 
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Having ſet up marks at the corners, which is to be 
done in all caſes where there are not marks naturally; 
meaſure with the chain from A to r, where a perpendi- 
cular would fall from the angle c, and tet up a mark at 
r, noting down the diſtance ay. Then complete the 
diſtance as by meaſuring from r to B. Having ſet 
down this meaſure, return to p, and meaſure the per- 
pendicular pc. And thus, having the baſe and perpen- 
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dicular, the area from them is eafily found. Or hav. 
ing the place y of the perpendicular, the triangle is 
eaſily conſtructed. N | 
Or, meaſure all the three ſides with the chain, and 
note them down. From which the content is eaſily 
found, or the figure conſtructed. . 5 


2. By taking one or more of the Angles. 


_ Meaſure two fides AB, ac, and the angle 4 between 

them. Or meaſure one fide As, and the two adjacent 

oa ig A and B, From either of theſe ways the figure is 

eaſily planned; then by meaſuring the perpendicular cy 

on the plan, and multiplying it by half aB, you have the 

content. * 
WE PROBLEM v. 


To meaſure a Four-fided Field. | 
1. By the Chain. 
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Meaſure along either of the diagonals, as ac; and 
either the two perpendiculars DE, BF, as in the laſt pro- 
blem; or elſe the ſides AB, Be, cp, pA. From either 
of which the figure may be planned and computed as 
before directed. | 5 9 85 


Otherwiſe by the Chaiv. 
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Meaſure on the longeſt fide, the diſtances AP, AQ, 
AB ; and the perpendiculars yc, . 


2. By taking one or more of the Angles. 


Meaſure the diagonal ac {ſee the firſt fig. above), and 
the angles cas, cap, Ac, AcD.—Or meaſure the four 
tides, and any one of the angles as BAD. 


Thus | Or thus 
ac 591 „% a oO. 
cAB 379207 " 08 26d” 
CAD 41 15 oo 410 
2 | DA 462 


ACD 54 40 a 


PROBLEM VI. | 
Be Seroey any Field by the Chain only, 


Having ſet up marks at the corners, where neceſſary, - 
of the propoſed field AB CDEFG. Walk over the ground, 
and confider how it can beſt be divided in triangles 
and trapeziums ; and meaſure them ſeparately as in the 
laſt two problems. And 1n this way it. will be proper 
to divide it into as few ſeparate triangles, and as many 
trapeziums as may be, by drawing diagonals from cor- 
ner to corner; and ſo as that all the perpendiculars 
may fall within the figure. Thus, the following figure 
is divided into the two trapeziums Ac, GDEF, and 
the triangle c . Then, in the firſt, beginning at a, 
meaſure the diagonal ac, and the two. perpendiculars' 
Gm, Bn. Then the baſe cc, and the perpendicular 
Dq. Laſtly, the diagonal Dx, and the two perpendicu- 
lars pz, o. All which meaſures write againſt the 
correſponding parts of a rough figure drawn to reſemble 
the figure to be ſuryeyed, or ſet them down in any other 
form you chooſe, | 2 | 
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am 135 | 130 ms 
An 410 | 180 ns 
AC 550 þ-_ | 


90 440. 


ro 206 | 120 06 
r p 288 80 PE 
FD 520 | 


Or thus, 


Meaſure all the ſides AB, BC, cD, DE, EF, FG, and 
GA 3 and the diagonals ac, c, GD, DF. 


+ Otherwiſe. 


Many pieces of land may be very well ſurveyed, by 
meaſuring any baſe line, either within or without them, 
together with the perpendiculars let fall upon it from 
every corner of them. For they are by thoſe means di- 
viced into ſeveral triangles and trapezoids, all whoſe pa- 
rallet ſides are perpendicular to the baſe line; and the 
ſam of theſe my es and trapeziums will be equal to 
the figure propoſed if the baſe line fall within it; if not, 


the ſum of the parts which are without being taken from 


the fum of the whole which are both within and with- 
out, will leave the area of the figure propoſed. 5 

In pieces that are not very large, it will be ſufficiently 
exact to find the points, in the baſe line, where the ſe- 
veral perpendiculars will fall, by means of the cro/, 


and from thence meaſuring to the corners for the 


lengths of the perpendiculars.— And it will be moſt 
convenient to draw the line ſo as that all the perpendic u- 
lars may fall within the figure. e a 


—— — —D— 


SURVEYING. 203 


Thus, in the following figure, beginning at A, and 
meaſuring along the line a, the diſtances and perpendi- 
culars, on the right and left, are as below. 


Ab 315 | 350 by 
AC 440 | 70 CC 
ad 585 | 320 dp 
Ae 6105 OR 

Af 990 470 fr 
A 10201 © 


PROBLEM VID). - | 
2 Survey any Field with the Plain Table. 


1. From one Station. 


Plant the table at any 
angle, as c, from whence 
all the other angles, or 
marks ſet up, can be ſeen ; 
and turn the table about 
till the needle point to the 
flower-de-luce; and there 


ſcrew it faſt. Make a point 
for c on the paper on the 


table, and lay the edge of 


the index to c, turning it 


about c till through the fights you ſee the mark D; 
and by the edge of the index draw a dry or, obſcure 
line ; then meaſure the diſtance cp, and lay that diſ- 
tance down on the line cy. Then turn the index about 
the point c, till the mark E be ſeen through the fights, 
by which draw a line, and meaſure the diſtance to E, 


laying it on the line from c to x. In like manner deter- 
mine the pofitions of ca and cs, by turning the fights 


fac 


- —_ 
— rh Ons or 


a oF, 
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ſucceſſively to a and 8; and lay the lengths of thoſe 
lines down, Then connect the points with the bounda- 
ries of the field, by drawing the black lines cp, ps, Ea, 
AB, BC. 
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2. Froma Station within the Field. 


When all the other parts 
eannot be ſeen from one angle, 
chooſe ſome place o within; or 
even without, if more conveni- 
ent, from whence the other 
parts can be ſeen, Plant the 

table at o, then fix it with the 
needle north, and mark the 
point o on it. Apply the index 
ſucceſſively to o, turning it 
round with the ſights to each | 
angle a, B, C, D, E, drawing dry lines to them by the 
edge of the index, then meaſuring the diſtances oa, os, 
&c, and laying them down upon thoſe lines. Laſtly, 
draw me boundaries AB, 11 CD, DE, kA. 
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3. By going 3 the Figure. 


' 
/ 
1 
, 
| 
: 
1 
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When the figure is a wood, or water, or from ſome 
other obſtruction you cannot meafure lines acrols it; be- 
Sin at any point a, and meaſure round it, either within 
or without the figure, and draw the directions of all 
the ſides thus: Plant the table at a, turn it with the 
needle to the north or flower- de- luce, fix it, and mark 
the point a. Apply the index to A, turning it till you 
can ſee the point E, there draw a line; and then the 
pint Bs, and there draw a line: then "meaſure theſe 
ines, and lay them down from 4 to k and B. Next, 
move the table to B, lay the index along the line as, 
and turn the table about 2 you can ſee the mark A, 
and ſcrew faſt the table; in which poſition alſo the 
needle will again point to. the the flower-de-luce, as it wh | 
| "I * 7 
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do indeed at every ſtation when the table 1s in the right 
poſition, Here turn the index about s till through the 
lights you ſee the mark c; there draw a line, meaſure 
B, and lay the diſtance upon hat line after you have 
ſet down the table at c, Turn it then again into its 
proper poſition, and in like manner find the next line 
cp. And ſo on quite round by x to A again, Then 
the proof of the work will be the joining at A: for if 
the work is all right, the laſt direction EA on the 
ground, will paſs exactly through the point A on the 
paper; and the meaſured diſtance will allo reach exactly 
to A. If theſe do not coincide, or nearly ſo, ſome error 
has been committed, and the work muit be examined 
over again. | TEES 
PROBLEM VIII. 
To Survey a Field with the T heodolite, &c. 
1. From one Point or Station. 

When all the angles can be ſeen from one point, as 
the angle E (firſt fig. to laſt prob.) place the inſtrument 
at E, and turn it about till, through the fixed fights, 
you ſee the mark k, and there fix it. Then turn the 
moveable index about till the mark A is ſeen through 


the fights, and note the degrees cut on the inſtrument. 


Next turn the index ſucceſſively to E and , noting the 


degrees cut off at each; which gives all the angles zca, 


BCE, BCD. Laſtly, meaſure the lines es, ca, ct, op; 
and enter the meaſures in a field-book, or rather againſt 
the correſponding parts of a rough figure drawn by gueſs 
to reſemble the field. | | 2 | ; 


2. From a Point within or without. 


Plant the inſtrument at o, (laſt fig.) and turn it about 
till the fixed fights point to any objeR, as a; and there 
* ſcrew it faſt. Then turn the moveable index round till 
the fights point ſucceſſively to the other points E, D, c, B, 
noting the degrees cut off at each of then; which gives 
all the angles round the point o. Laſtly, meaſure the diſ- 


tances 
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tances OA, OB, oc, ob, ok, noting them down as be- 
fore, and the work is done. | | | 


3. B y going round the Field. 


By meaſuring round, 4 
either within or without 
the field, proceed thus. AV 
Having ſet up marks at 1 
B, c, &c, near the corners 
as uſual, plant the inſtru- 
ment at any point A, and 
turn it till the fixed index 
be in the direction Az, and 
there ſcrew it faſt: tllen * a 
turn the moveable index to the direction AF; and 
the degrees cut off will be the angle A. Meaſure 
the line AB, and plant the inſtrument at x, and there 
in the ſame manner obſerve the angle a. Then mea- 
ſure Bc, and obſerve the angle c. Then meaſure the 
diſtance o, and take the angle D. Then meaſure DE, 
and take the angle E. Then meaſure E, and take the 
angle x. And laſtly meaſure the diſtance FA. 1 
Too prove the work; add all the inward angles à, B, c, 
Sc. together, and when the work is right, their ſum 
will be equal to twice as many right angles as the figure 
has ſides, wanting 4 right angles. And when there is 
an angle, as r, that bends inwards, and you meaſure 
the external angle, which is leſs than two right angles, 
ſubtract it from four right angles, or 360 degrees, to give 
the internal angle greater than a ſemicircle or 180 de- 
grees. | ol ; 


8 | ; 
| „ Otherwiſe, 25 

Inſtead of obſerving the internal angles, you may 
take the external angles, formed without the figure by 
producing the fides further out. And in this caſe, 
when the work is right, their ſum altogether will be 


equal 
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equal to 360 degrees. But when one of them, as F, 
_ runs: inwards, ſubtract it from the ſum of the reſt, to 
leave 360 degrees. 7 | 


PROBLEM IX. 
To Survey a Field with Crooked Hedges, Sc. 


With any of the inftruments meaſure the lengths and 
poſitions of imaginary lines running as near the fides of 
the field as you can ; and in going along them meaſure 
the offsets in the manner before taught; and you will 
have the plan on the paper in uſing the plain table, 
drawing the crooked hedges through the ends of the oft- 
ſets; but in ſurveying with the theodolite, or other 
inſtrument, ſet down the meaſures properly in a field- 
book, or memorandum-book, and plan them after re- 
turning from the field, by laying down all the lines 


and angles. 

A : 
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So, in ſurveying the piece ABE, ſet up marks a, b, 
c, d, dividing it into as few fides| as may be. Then 
begin at any ſtation a, and meaſure the lines ab, be, cd, 
da, and take their pofitions, or the angles a, b, c, d; 
and in going along the lines meaſure all the offsets, as 
at m, n, o, p, &c. along every ſtation line. 


And 
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And this is done either within the field, or without, 
as may be moſt convenient. When there are obſtruc- 
tions within, as wood, water, hills, &c. then meaſure 

without, as in the figure here below. 5 5 
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PROBLEM X, 
Jo Survey a Field or any other Thing, by Two Stations. | 


This is performed by chooſing two ſtations, from 
whence all the marks and objects can be ſeen, then 

meaſuring the diſtance between the ſtations, and at each 

Ration taking the angles formed by every object, from 
the * whoa line or diſtance, rf | 
The two ſtations may be taken either within the 
bounds, or in one of the ſides, or in the direction of two 
of the objects, or quite at a diſtance and without the 
bounds of the objects, or part tobe ſurveyed. : 
In this manner, not only grounds may be ſurveyed, 
without even entering them, but a map may be taken 
of the principal parts of a country, or the chief places 
of a town, or any part of a river or coaſt ſurveyed, or 
any other. inacceſſible objects; by taking two — 
on two towers, or two hills, or ſuch like. 


When the plain table is uſed; plant it at one ſtation 
m, draw a line mn on it, along which lay the edge of 
the index, and turn the table about till the fights point 
directly to the other ſtation; and there ſcrew it faſt. 
Tben turn the fights round m ſucceſſively to all the ob- 
jets a RC, &c. drawing a dry line by the edge of the 


index at each, as mA; mB, me, c. Then meaſure 


the diſtance to the other ſtation, there plant the table, 
and lay that diſtance down on the ſtation line from m to 


n. Next lay the index by the line nm, and turn the 


table about till the fights point to the other ſtation m, 
and there ſcrew it . fait. Then direct the fights ſuc- 
ceſſively to all the objects a, B, c, &c. as before, draw- 
ing lines each time, as u A, nB, nc, &c. and their in- 
terſection with the former lines will give the places of 
all the objects, or corners, a, B, c, &c. 7 


When the theodolite, or any other inſtrument for 


taking angles, is uſed; proceed in the ſame way, mea- 


ſuring the ſtation diſtance my n, planting the inſtrument 


firſt at one ſtation, and then at another; then placing 
the fixed fightsin the direction mn, and directing the 
moveable fights to every object, noting the degrees cut 
off at each time. Then, theſe obſervations being yu: 
ned, the interſeQions of the lines will give the objects as 
ewe. 5 12 5 When 
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When all the objects, to be ſurveyed, cannot be ſeen 


from two ſtations ; then three ſtations may be uſed, or 


four, or as many as is necefſary ; meaſuring always the 
diſtance from one ſtation to another; placing the 
inſtrument in the ſame pofition at every ſtation, by 
means deſcribed before; and from each ſtation obſerv- 
ing or ſetting every object that can be ſeen from it, by 
taking its direction or angular poſition, till every object 
be determined by the interſection of two or more lines of 
direction, the more the better. And thus may very ex- 
tenſive ſurveys be taken, as of large commons, rivers, 
coaſts, countries, hilly grounds, and ſuch like, 


P ROB LEM XI. 


E Survey a Large E gate. | 


If the eſtate be very large, and contain a great um- 
| ber of fields, it cannot well be done by ſurveying all 


the fields ſingly, and then putting them together; nor 


can it be done by taking all the angles and boundaries 
that incloſe it. For in theſe caſes, any ſmall errors 


will be ſo multiplied, as to render it very much diſ- 
torted. | IS, . TE 


1. Walk over the eſtate two or three times, in order 
to get a perfect idea of it, and till you can carry the 


map of it tolerably in your head. And to help your me- 
mony, draw an eye draught of it on paper, or at leaſt 


of the principal parts of it, to guide you. 


2. Chooſe two or more eminent places in the eſtate, 
for your ſtations, from whence you can ſee all the prin- 
cipal parts of it: and let theſe ſtations be as far diſtant 
from one another as poſſible; as the fewer ſtations you 


_ "have to command the whole, the more exact your work 
will be: and they will be fitter for your purpoſe, if 


theſe ſtation lines be in or near the boundaries of the 
ground, eſpecially if two lines or more proceed from 
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3. Take what angles, between the ſtations, you 
think neceſſary, and meaſure the diſtances from ſtation 
to ſtation, always in a right line: theſe things muſt be l 
done, till you get as many angles and lines as are ſuffi- 
cient for determining all your points of ſtation. And 
in meaſuring any of theſe ſtation diſtances, mark accu- 
rately where theſe lines meet with any hedges, ditches, 
roads, lanes, paths, rivulets, &c. and where wy re- 
markable object is placed, by meafuring its diſtance 
from the ſtation line; and where a perpendicular from 
it cuts that line ; and always mind, in any of theſe ob- 
ſervations, that you be in a right line, Which you will 
know by taking backſight and foreſight, along your ſta- 
tion line. And thus as you go along any main ftation 
line, take offsets to the ends of all hedges, and to any 
nd, houſe, mill, bridge, &c. omitting nothing that 
is remarkable. And all theſe things muſt be noted 
down: for theſe are your data, by which the places of 
ſuch objects are to be determined upon your plan. And 
be ſure to ſet marks up at the inter ſections of all hedges 
with the ſtation line, that you may know where to 
meaſure from, when you come to ſurvey theſe particular 
fields, which muſt immediately be done, as ſoon as you 
have meaſured that ſtation line, whilſt they are freſh 
in memory, By this means all your ſtation lines are to be 
meaſured, and the ſituation of all places adjoining to 
them determined, which is the firft grand point to be ob- 
tained. It will be proper for you to lay down your 
work upon paper every night, when you go home, that 
you may ſee how you go on. 5 [ 

4. As to the inner parts of the eſtate, they muſt be de- 
termined in like manner, by new ſtation lines: for, after 
the main ſtations are determined, and every thing ad- 

Joining to them, then the eſtate muſt, be ſubdivided into 
two or three parts by new ftation lines ; taking inner 
ſtations at proper places; where you can have the beſt 
view. Meaſure theſe ſtation lines as you did the firſt, 
and all their jinterſections with hedges, and ali offsets 
to ſuch objects as appear. Then you may proceed to 

| | 9 . ſurvey 
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ſurvey the adjoining fields, by taking the angles that 
the ſides make with the ſtation line, at the interſections, 
and meaſuring the diſtances to each corner, from the in- 
terſections. For every ſtation line will be a bafis to all 
the future operations; the ſituation of all parts being 
entirely dependent upon them; and therefore they 
mould be taken as long as poſſible ; and it is beſt for 


them to'run along ſome of the hedges or boundaries of 


one or more fields, or to paſs through ſome of their 
angles, All things being determined tor theſe ſtations, 
you muſt take more inner ſtations, and continue to di- 
vide and ſubdivide till at laſt you come to fingle fields ; 
repeating the ſame work for the inner ſtations, as fer 
the outer ones, till all be done; and cloſe the work 
as often as you can, and in as few lines as poſlible. 
And that you may chooſe ftations the moſt conveniently, 


10 as to cauſe the leaſt labour, let the ſtation lines run 


as far as you can along ſome hedges, and through as 
many corners of the fields, and other remarkable points, 


as Fou can. And take notice how one field lies by ano- 


ther; that you may not miſplace them in the draught. 
5. An eſtate may be ſo ſituated, that the whole can» 


not be ſurveyed together; becauſe one part of the eſtate 


cannot be feen:;from' another. In this caſe, you may di- 
vide it into three or four parts, and furvey the parts ſe- 
parately, as if they were lands belonging to different 
perſons ; and at laſt join them together, e e 
6. As it is neceffary to protract or lay down your 
work as you proceed ia it, you muſt have a ſcale of a 
due length to do it by. To get ſuch a ſcale, you muſt 
meaſure the whole length 5 the eſtate in chains; then 


| — muſt conſider how many inches long the map is to 


and from theſe you will know how many chains 
you muſt have in an inch; then make your ſcale, or 
chooſe ane already made, accordingly. N 
7. The trees in every hedge row muſt be placed in 
their proper ſituation, which is ſoon done by the plain 
table; but may be done by the eye without an inſtru- 
ment; and being thus taken by gueſs in a rough 
Fa © Wo | N diraught, 
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draught, they will be exact enough, being only to look 
at; except it be ſuch as are at any re you 
as at the ends of hedges, at ſtiles, gates, &c, and theſe 
muſt be meaſured. But all this need not be done till 
the draught 1s finiſhed. And obſerve in all the hedges, 
what ſide the gutter or ditch is on, and to whom the 
fences belong. | 

8. When you have long ſtations, you ought to have 
a good, inſtrument to take angles with, and the plain 
table may very properly be made uſe of, to take the ſe- 
veral ſmall internal parts, and ſuch as cannot be taken 
from the main ſtations: as it is a very quick and ready 
inſtrument, | 9 
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' To Survey a County, or Large Tract of Land. 
1. Chooſe two, three, or four eminent places for ſta- 
tions; ſuch as the tops of high hills or mountains, 
towers, or church ſteeples, which may be ſeen from 
one another; and from which molt of the towns, and 
other places of note, may alſo be ſeen. And let them 
be as far diſtant from one another as poſſible, Upon 
theſe places raiſe beacons, or long poles, with flags of *n 
different colours flying at them; ſo as to be. viſible from = 
all the other ſtations. _ i | 
2. At all the places, which you would, ſet down in 1 
the map, plant long poles with flags at them of ſeveral 
colours, to diſtinguiſh the places from one another; 
fixing them upon the tops of church ſteeples, or the tops | 
of houſes, or, in the centres of leſſer towns. 5 8 
But you need not have theſe marks at many places at 
once, as ſuppoſe half a ſcore at a time. For when the 
angles have been taken, at the two tations, to all theſe 
PR the marks may be moved to; new ones; and 
o ſucceſſively to all the places you want. Theſe 
marks then being fet up at a convenient number of 'Y 
places, and ſuch as may be ſeen from both {tations ; go 
to one of theſe ſtations, and with an infirument to take 
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angles, ſtanding at that ſtation, take all the angles be- 
tween the other ſtation, and each of theſe marks, ob- 
ſerving-which is blue, which red, &c. and which hand 
they he on; and ſet all down with their colours. Then 
go to the other ſtation, and take all the angles between 
the firſt ſtation, and each of the former marks, and ſet 
them down with the others, each againſt his fellow with 
the fame colour. You may, if you can, alſo take the 
angles at ſome third ſtation, which may ſerve to prove 


the work, if the three lines intterſect in that point, 


where any mark ſtands. The marks muſt ſtand till the 
obſervations are-finiſhed at both flations ; and then they 


_ muſt be taken down, and ſet up at freſh places. And 


the ſame operations muſt be performed, at both ſtations, 
for theſe freſh places; and the like far others. Your 
inſtrument for taking angles muſt be an exceeding good 
one, made on purpoſe with teleſcopic fights; and of 
three, four, or five feet radius. A circumferentor is 


reckoned a good inſtrument for this pon” 


3. And though it is not abſolutely neceſſary to mea- 


| fure any diſtance, becauſe any ſtationary line being laid 


down from any icale, all the other lines will be propor- 
tional to it; yet it is better to meaſure ſome of the 


lines, to aſcertain the diſtances. of places in miles; and 


to know how many geometrical miles there are in any 
length; and from thence to make a ſcale to meaſure any 
diſtance in miles. In meaſuring any diſtance, it will 
not he exact enough to go along the high roads; by rea- 
ſon of their turnings and windings, and hardly ever 
lying in a right line between the ſtations, which muſt - 


_ cauſe infinite reductions, and create endleſs trouble to 


make it a right line; for which reaſon it can never be 
exact. But a better way is to meaſure in a right line 
with a chain, between ſtation and ſtation, over hills and 


duales or level fields, and all obſtacles. Only in caſe of 
water, woods, towns, rocks, banks, &c. where one 
cannot paſs ; ſuch parts of the line muſt be meaſured by 


the methods of inacceſſible diſtances ; and beſides, allow- 


ing for aſcents and deicents, when we meet with them, 


And 
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And a good compaſs that ſhews the bearing of the two 
ſtations, will always direct you to go ſtraight, when 
ou do not ſee the two ſtations; and in your progreſs, 
if you can go ſtraight, you may take offsets to any re- 
markable places, likewiſe note the interſection of your 
ſtationary line with all roads, rivers, ; cc. | 
- And from all your ſtations, and in your whole pro- 
greſs, be very particular in obſerving ſea coaſts, river 
mouths, towns, caſtles, houſes, churches, windmills, 
watermills, trees, rocks, ſands, roads, bridges, fords, 
ferries, woods, hills, mountains, rills, brooks, parks, 
beacons, fluices, floodgates, locks, &c. and in general 
all things that are remarkable. | | | 
5. After you have done with your firſt and main 
tation lines, which command the whole county; you 
muſt then take inner ſtations, at ſome places already 
determined ; which will divide the whole into ſeveral 
partitions: and from theſe. ſtations you muſt determine 
the places of as many of the remaining towns as you 
can. And if any remain in that part, you muſt take 
more ſtations, at ſome places already determined ; from 
which you may determine the reſt. And thus we muſt 
go through all the parts of the county, taking tation 
after ſtation, till we have determined all we want, And 
in general the ſtation diſtances . mult always paſs through 
| ſuch remarkable points as have been determined before, 
by the former ſtations. N 55 15 
6. Laſtly, the poſition of the ſtation line you mea - 
ſure, or the point of the compaſs it lies on, muſt be de- 
termined by aſtronomical obſervation. Hang up a 
thread and plummet in the ſun, over ſome part of the 
tation line, and obſerve when the ſhadow runs along 
that line, and at that moment take the ſun's altitude; 
then having his declination, and the latitude, the 
azimuth will be found by ſpherical trigonometry. And 
the azimuth is the angle the ſtation line makes with 
the meridian; and therefore a meridian may eaſily be 
drawn through the map. Or a meridian may be drawn 
through it by hanging up two threads in a line with — 
Vr pole 
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pole ſtar, when it is juſt north, which may be known 
from aſtronomical tables. Or thus ; obſerve the ftar 
Alioth, or that in the rump of the great bear, being 
that next the ſquare ; or elſe Cafſiopeia's hip; I ſay, ob- 
ſerve. by a line and plummet when either of theſe ſtars 
and the pole ſtar come into a perpendicular; and at that 
time they are due north. Therefore two perpendicular 
lines being fixed at that moment, towards theſe two ſtars, 
will give the poſition of the meridian. ge 

PROBLEM XIII. 

To Survey a Town or City. 


This may be done with any of the inſtruments for 
taking angles, but beſt of all with the plain table, 
where every minute part is drawn while in fight. It is 
beſt alſo to have a chain of 5o feet long, divided into 
50 links, and an oftset-ſtaff of 10 feet long. 
Begin at the meeting of two or more of the principal 

ſtreets, through which you can have the longeſt pro- 
ſpects, to get the longeſt ſtation lines. There havin 

xed the inſtrument, draw lines of direction along thols 
ſtreets, uſing two men as marks, or poles ſet in wooden 

edeſtals, or perhaps ſome remarkable places in the 

oufes at the further ends, as windows, doors, cor- 
ners, &c. Meaſure theſe lines with the chain, taking 
offsets with the ſtaff, at all corners of ſtreets, bendings, 
or wil dings, and to all remarkable things, as churches, 
markets, halls, colleges, eminent houſes, Kc. Then 
remove the inſtrument. to another ſtation, alopg one of 
theſe lines; and there repeat the ſame proceſs as before. 
And ſo on till the whole is finiſhed, | 


| Thus, 
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Thus, fix the inſtrument at 4, and draw lines in the 
direction of all the ſtreets meeting there; and meaſure 
A'B, noting the ſtreet on the left at m. At the ſecond 
Ration z, draw the directions of the ſtreets. meeting 
there; meaſure from s to c, noting the places of the 
| ſtreets at n and o as you paſs by them. At the 3d 


ſtation c- take the direction of all the ſtreets meeting 


there, and meaſure c v. At p do the ſame, and meaſure 
px, noting the place of the croſs ſtreets at p. And in 
this manner go through all the principal ſtreets. This 
done, proceed to the ſmaller and intermediate ſtreets; 
and laſtly to the lanes, alleys, courts, yards, and every 
part that it may be thought proper to repreſent. 


* 


tp CHA Ps 


21 sbb. EVYVIN S. 


CHAPTER 111. . 
Planning, Caſting-up, and Dividing. 

b ' PROBLEM I. 
To Lay down the Plan of any Survey. 


IF the ſurvey was taken with a plain table, you have 
a rough plan of it already on the paper which cover- 
ed the le. But if the ſurvey was with any other in- 
ſtrument, a plan of it is to be drawn from the meaſures 
that were taken in the ſurvey, and firſt of all a rough 
plan upon paper. 5 | | 
Jo do this, you muſt have a ſet of proper inſtruments, 
for laying down both lines and angles, &c. as ſcales of 
various fizes, the more of them, and the more accurate, 
| the better; ſcales of chords, protractors, perpendicular 
| and parallel rulers, &c. Diagonal ſcales are beſt for the 
| | nes, becauſe they extend to three figures, or chains 
| and links, which are hundredth parts of chains. But in 
| uſing the diagonal ſcale, a pair of compaſſes muſt be 
| employed to take off the lengths of the principal lines 
| very accurately. But a ſcale with a thin edge divided, 
| is much readier for laying down the perpendicular off- 
| 


Lets to crooked hedges, and for marking the places of 
_ thoſe offsets upon the ſtation line; which is done at only 
one application of the edge of the ſcale to that line, and 
then pricking off all at once the diſtances along it. 
Angles are to be laid down either with a good ſcale of 
chords, which is perhaps the moſt accurate way; or 
with a large protractor, which is much readier when 
many angles are to be laid down at one point, as they 
are pricked off all at once round the edge of the pro- 
tractor. 6 5 
Very particular directions for laying down all forts of 
figures cannot be neceſſary in this place, to any perſon 
. who has learned practical geometry, and the conſtruc- 
By tion of figures, and the uſe of his inſtruments. It may 
| AL | OE therefore 
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therefore be ſufficient to obſerve, that all lines and angles 
muſt be laid down on the plan in the ſame order in which 
they were meaſured in the field, and in which they are 
written in the field-book; laying down firſt the angles 
for the poſition of lines, then the lengths of the lines, 
with the places of the. offsets, and then the lengths of 
the offsets themſelves, all with dry or obſcure lines; 
then a black line'drawn through the extremities of all 
the offsets, will be the hedge or bounding line of the 
field, &c. After the principal bounds and lines are laid 
down, and made to fit or cloſe property proceed next to 
the ſmaller objects, till you have entered every thing 
that ought to appear in the Kg as houſes, brooks, trees, 
hills, gates, tiles, roads, lanes, mills, bridges, wood» 


lands, &c. Ke. | 
The north fide of a map or plan is commonly placed- 
ppermoſt, and a meridian ſomewhere drawn, with the 
N or flower · de. luce pointin g north. Alſo, in a va- 
cant part; a ſcale of equal parts or chains muſt be drawn, 
and the title of the map in conſpicuous characters, and 
embelliſhed with a compartment. All hills muſt be 
| ſhadowed, to diſtinguiſh them in the map. Colour the 
hedges with different colours; repreſent hilly grounds 
by broken hills and valleys ; draw fingle dotted lines 
for foot-paths, and double ones for horſe or carriage 
roads, Write the name of each field and remarkable 
place within it, and, if you chooſe, its content in acres, 
roods, and perches. N 0 
In a very large eſtate, or a county, draw vertical and 
horizontal lines through the map, denoting the ſpaces 
between them by letters, e at the top, and bottom, 
and ſides, for readily finding any field or other object, 
mentioned in a table. „ RET 
In 2 counties, and eſtates that have uneven 
grounds of hills and valleys, reduce all oblique lines, 
meaſured up hill and down hill, to horizontal ſtraight 
lines, if that was not done during the ſurvey, before 
they were entered in the field-book, by making a pro- 
per allowance to ſhorten them. For which purpoſe 
0 | L2. 5 there 


* 
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lengths by the breadths, 
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there is commonly a ſmall table See on ſome of 


the Derr toy: BONN g. 


* * 0 'B LEM 11. ag) 9 5 9 
e aft up the Contents of Fields. 


1. Compute the contents of the figures, whether tri 
angles, or trapeziums, &c.. by the proper rules for the 
ſeveral figures laid down, i meaſuring; multiplying the 

e. in links; the product is 
acres after you have cut off five. figures on the right, for 
decimals ; then bring theſe decimals to roods and perches, 
by multi ying firſt, by 4, and then by 40. An exam- 
ple of w of"; 18 given in the deeripion of ber e 

e 187. 5 ; 
oy In mall And * pieces, it is uſual to call. 
their contents from the. meaſutes of — lines of hom. in 
ſurveyin them, without making a corre plan o — 95 

Thus in the triangle in — iv, Page 199, where 
W 5 85 790% and 8 . 
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| Or the firſt example to prob, v, page 200, thus: 
XE 214 | 210. ED 
Ar 362 |] 306 FB 


4e 592 


TY" 
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516 füm of perp. 
592 A0 
1032 

4644 
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by „„ 1: 
Þ the 20 2d example to the ſame prob, v, thus; 
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. In pieces bounded by very crooked and winding 


| hedges, meaſured by offsets, all the parts between the 


offsets are moſt accurately meaſured ſeparately as ſmall 


i 


15708 


trapezoids, Thus, for the example to prob. 111, p. 198, 
where N Won 
ac 45 62 ch 
Ad 220 84 di 

ae 340 70 ek | 
Af 510 98 fl F 
Ag 924 $7 m 
43 785 (98 8 | 
ac 45|<h 62 di 84] 7 [fl 98 em 57 
ch 62 di 84 [ek 70 fl 98 [87 57 Bn 91 
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4. Sometimes ſuch pieces as that above, are computed 
finding a mean breadth, by dividing the ſum of the 
sets by the number of them, accounting that for one 
of them where the boundary meets the ſtation line, as 
at a; then multiply the length as by that mean breadth. 


E = | 
oo 785 AB 
62 66 mean breadth 
70 4710 ac r p | 


98 4710 Content © 2 2 by this method, 
5 which is 10 perches too little. 


n een 
7.) 462 iy 1 
66 207240 And this method is always errone- 
— 40 ous, except when the offsets ſtand 
— at equal diſtances from one an- 
289600 other. Ts EO 


g. But in larger pieces, and whole eſtates, conſiſting 
of many fields, it is the common practice to make a 
rough plan of the whole, and from it compute the con- 
tents quite independent of the meaſures of the lines 
and angles that were taken in ſurveying, For then new 
lines are drawn in the fields in the plan, ſo as to divide 
them into trapeziums and triangles, the baſes and per- 
pendiculars of which are meaſured on the plan by means 
of the ſcale from which it was drawn, and fo multiplied 
together for the contents, In this way the work is very 
expeditiouſly done, and ſufficiently correct; for ſuch 
dimenſions are taken, as afford the moſt eaſy method of 
calculation; and, am a number of parts, thus 
taken and applied to 4 Cale, it is likely that ſome of 
«the parts will be taken a ſmall matter too little, and 
others too great; ſo that they will, upon. the whole, 
in all probability, very nearly balance one another. 
After all the fields, and Xa parts, are thus com- 
. 2 > puted 


j 
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puted ſeparately, and added all together into one ſum, 
calculate the whole eſtate independent of the fields, by 
dividing it into large and arbitrary triangles and trape- 
ziums, and add theſe alſo together. Then if this ſum 
be equal to the former, or nearly ſo, the work is right; 
but if the ſums have any conſiderable difference, it is 
wrong, and they muſt be examined, and recomputed, till 
they nearly agree, 3 N 
A ſpecimen of dividing into one triangle, or one tra- 
ezium, which will do for moſt fingle fields, may be 
een in the examples to the laſt problem; and a 2 
men of dividing a large tract into ſeveral ſuch trapezi- 
ums and triangles, in prob. vi of chapter 11 of Sur- 
veying, page 201, where a piece is ſo divided, and its 
dimenſions taken and ſet down; and again at prob. vi 
of menſuration of ſurfaces, where the contents of the 
ſame piece are computed, S* ITY : 


6. But the chief ſecret in caſting up, conſiſts in find- 
ing the contents of pieces bounded by curved, or ve 
irregular lines, or in reducing ſuch crooked fides of 
fields or boundaries to ſtraight lines, that ſhall incloſe 
the ſame or equal area with thoſe crooked fides, and ſo 


obtain the area of the curyed [figure by means of the 


ö . one, which will commonly be a trapezium. 
ow this reducing the crooked fides to ſtraight ones, is 
very eaſily and accurately performed thus: Apply the 
ſtraight edge of a thin, clear piece of lanthorn-horn to 
the — line, which is to be reduced, in ſuch a man- 
net, that the ſmall parts cut off from the crooked figure 
by it, may be equal to thoſe which are taken in: which 
equality of the parts included and excluded, you will 
preſently be able to judge of very nicely by a little prac- 
tice: then with a peneil draw a line by the ſtraight edge 
of the horn. Do the ſame by the other ſides of the field 
or figure. S0 ſhall you have a ſtraight ſided figure 
equal to the curved one; the content of which, being 
computed as before directed, will be the content of the 
-curved figure propoſed, r 
Or, inſtead of the ſtraight edge of the horn, a 1 5 


. 
* 
— 3 N 


* 
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hair may be applied acroſs the crooked. ſides in the ſame 
manner; and the eaſieſt way of ufing the hair, is to 
ſtring a ſmall ſlender bow with it, either of wire, or 
cane, or whale-bone, or ſuch like ſlender ſpringy mat- 
ter; for, the bow keeping it always ſtretched, it can 
be eaſily and neatly applied with one hand, while the 
dther is at liberty to make two marks by the fide of it, to 
draw the ſtraight line by. 2 395 | 
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| Thus, let it be required to find the contents of the 
ſame figure as in prob, 1x of the laſt chapter, page 207, 


to a ſcale of 4 chains to an inch, 
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Draw the four datted ſtraight lines an, nc, ep, Da, 
cutting off equal quantities on both ſides of them, which 
they do as near as the eye can judge: fo is the crooked 
figure reduced to an equivalent right-lined one of four 
ſides ABCD. | Then draw the dia onal, BD, Which, by 
n a> rad 14, tw tt DB 353 43$; 
applying a proper Teale to it, meaſures. 1256. Alfo the 
perpendicular, or neafeſt diſtance, from 4 to this dia- 
gonal, meaſures 4565 and the diſtance of e from it, is 
c Edie Wh Anon 
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| And thus the content. of the We and CR 


quently of the irregular figure, to which i we is —_— is. 
Ain found to be 5 acres, 2 roods, 8 8 perche 


PROBLEM 111. 


2 Trengfir s Plan zo another Paper, FR 


Hy the rough plan i is tom lewd, and a fair one is 
wanted; this may be done, e her an paper or Va. | 
by any of the. following methods, | 75 . 
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+ v 2 
* 1 
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aj e lan upon the clean phper, pd keep 
| 1 Dat oY cloſe together, by weights 
laid ow them, Then, with the point af a fine pin or 
prieker, prick through all the corners of the plan to'be 
copied. Take — . aſunder, and connect the pricked 
gre] on the clean Paper, you lines; and it 1s Thi 

3 e 8 
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This method is only to be practiſed in plans of ſuch 
figures as are ſmall and tolerably regular, or bounded 
s EGON D ME TH O D. 
Rub the back of the rough plan over with black lead 
powder; and lay the ſaid black part upon the clean pa- 
per, upon which the plan is to be copied, and in the pro- 
per pofition. 'Then with the blunt point of ſome hard 
ſubſtance, as braſs, or ſuch like, trace over the lines of 
the whole plan; preſſing the tracer ſo much as that the 
black lead under the lines may be transferred to the clean 
per: after which take off the rough plan, and trace 
over the leaden marks with common ink, or with Indian 
ink, &c.——Or, inſtead of blacking the rough plan, you 
— keep conſtantly a blacked paper to lay between the 
Pan. Ay. | . ieee 


„ r g 
Another method of copying plans, is by means of 
ſquares. This is performed by dividing hoth ends and 
ſides of the plan, which is to be copied, into any con- 
venient number of equal A and connecting the cor- 
reſponding points of diviſion with lines; which will di- 
vide the plan into a number of ſmall ſquares, Then di- 
vide the paper, upon which the plan is to be copied, into 
the ſame number of ſquares, each equal to the forme 
when the plan is to be copied of the ſame fize, but greatet 
or leſs than the others, in the proportion in which the 
plan is to be increaſed or diminiſhed, when of a different 
fize, | Laſtly, copy into the clean ſquares, the parts con- 
tained in the correſponding ſquares of the old plan; and 
you will have the copy either of the ſame ſize, or greater 


or leſs in any F; 
BK $92 ee EIIEY + 49 D481 a4 Dy act i 
© 10% 2136 OR METHOD... 


beg fourth method is by the inftrument called a pentas | 
graph, which alfo copies the plan in any fize required. 


When the lines, &c. 


9 RVE TIN G. 


„ IFIT HH METH 0D. il 
But the neateſt method of any is this. Procure a 
copying frame or glaſs, made in this manner; namely, 
a large ſquare of the beſt window glaſs, ſet in a broad 
frame of wood, which can be raiſed up to any angle, 
when the lower ſide of it reſts on a table. Set this frame 
up to. any angle before you, facing a ſtrong light; fix 
the old plan and clean paper together with ſeveral pins 
quite around, to keep them together, the clean paper 
being laid uppermoſt, and upon the face of the plan to 


be chpied. Lay them, with the back of the old plan, 


upon the glaſs, namely, that part which you intend to 
begin at to copy firſt; and, by means of the light ſhin · 
ing through the papers, you will very diſtinctly perceive 


every line of e 1908 through the clean paper. In this 


ſtate then trace all the lines on the paper with a pencil. 
Having drawn that part which covers the glaſs, ſlide 
another part over the glaſs, and copy it in the ſame man- 
ner. And then another part. And ſo on till the whole 
„ $rooced Io notices wadbone, 
Then, take them aſunder, and trace all the pencil- 
lines over with a fine pen and Indian ink, or with com- 
„„ ee ee e 
And thus you may copy the fineſt plan, without in⸗ 
„„ ee 2200 066 203 a8kr 
W „Kc. are copied upon the clean pa- 
13 the next buſineſs is to write ſuch names, 
erharks,'or explanations as may be judged neceflary ; 
laying dowh'the'ſcale for taking the lengths of any parts, 
a flower-de-[uce to point out the direction, / and'tlie pro- 
title r a compartment; and illuſtrat- 


— 


ing or colouring every part in ſueh manner as ſhall ſeem 


moſt natural, ſuch as ſhading riwers or brooks” with 
crooked lines, drawing the repreſentations of trees, 
buſhes, hills, woods, hedges, houſes, gates, roads, &c. 


in their proper places; running a ſingle dotted line for a 


foot path, and à double one for à carriage road; and 
either repreſenting the baſes or the elevations of build- 


co Nic 
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20 DEFINITION S. 
XI C ſections are che Nen figures formed by 


G cat to the different poſitions-of the cutting 
wr there will ariſe five different igures or ſections. = 


oF) 3] 


** 


2. le the cutting pla ne paſs 
through the vertex, an any part 
of the baſe, the ann, Wilk be Ke. 
ehe \ a {+ 4 1 „ 


1 
Der 
* . * 
4 
* 
* 


* 
r . 

2 ” 
= 
* 
. 
* 
=y 
cr 
oQ 
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$7 6 
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2 


on 
[3 


Bar. If the Lake 12 but 0 to 
the baſe, the ſe&ion will be a cir- 


cle. 4 


\ : ' 7 * , 
4 1 A. L * . 
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1 Fa the cone is n . 


| with the cone is cut renee to one 


6. The ſection is an . "8 


when the cutting plane meets the | 
pppoſite cone continued above tbe 
vertex, where it will make another TOY 


ee 12 5 1 8 er in of the 
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1 
222 O a 0c $5 mt nag 0. 5 1 9144 Bn 
- ol 


4. The ſection is called an ellipſis, 
thy both ſides. 


The ion! fs a. 3 7 
of it its Ages, | 


l * * 5 4 «A "4 
3.4 v I . 


* : ; - 9 * 4 * 


1 4 : 7 * 


N ee 


452 be. vertices r FR Jechion, 5 
ts where the cutting 


= "Abe ls axis is. Hs * bet the two 


5 — d And the middle point of the wee is the 
n 


2 * N 
ennie ad 393 i e 
* N * Gi "34 4 * 
8 | ; „ 8 f 2 
75 N _— $ ** ' "NS 
: va af by +» * *: 2 7 7 * - 1 7 9 4 [ ? 1 Py o * - 
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9. The conjugate axis, is a line drawn through my | 
center, and perpendicular to the tranſverſe. ' | 
10. An ordinate is a line perpendicular to the axis. 


11. An abſciſs is a 1 of the axis benen * ord 
nate and the vertex. ana s yoiomwlhs 19 


12. A ſpheroid, or dlipſoid, u ff ih. 
generated by the Notation of an ellipſe , WT 
about one of its axes. It is a prolate ne, ⁵ 
when the revolution is made about the 


tranſverſe axis ;. and. oblate, when about 
he conjugate. 


13. A _conoid is a ſolid formed by the 
revolution of a parabola, or hyperbola, ©” 7H 
about the axis. And is accordingly 9 
parabolic, or hyperbolic.— | ig f 
bolic conoid is alſo called a parabo id ; 1 
and the hyperbolic Wr an webe 
loid. 1. M A4 

14. A ſpindle is Smd by any of the three ſections 
ere . about a double ordinate, like, _ circular. 
ſoindhg ty wv andy DO SUES YZ PROS 4% eG, 
0 15. A ſegment, of any of theſe Suben is a part cut 
off at the top, by a plane parallel to the baſe. 
16. And a fruſtum is the part left next the baſe, af. 
ter the ed ooo 


0 


ld * Las 


"PROBLEM 1. 


n 57 1 ada 1 2 
Dos deſeribe N wi 0107 
Let rx be the tranf- © D 
verſe, co the conjugate, 
and e the center. With 
the radius Tc and cens © 
ter c, deſcribe an arc 
ctitting Mobo 1a 37} 3 
P, 4 » which are called 
the two foci of the 
ellipſe. 


LY 


232 co SECTIONS. 


Aſſume any point v in the tranſverſe ; then Sith the 
radii PT, yx, and centers v, % deſcribe two arcs inter- 
re in 15 ee een the curve of the 

> 2 2:25 4a #}-45 7 inc eta a Of 

Tad th thus, by aſſuming a number of points vin the 
tragſperſe, there will be found as many points in the 
cufve as you pleaſe. Then with a OMIA hand draw the 


zz * e all theſe Pole. . 
9 & Otherwiſe, with e Thread. e 


: N i thread, of the, len 'the PT: Al R yand 
PRs ends with two, 1 in the foci r, 5 
ig er and it will reach to 1 in the curve: 
dying a pencil round, within the thread; 80 


ic it wg k tehed, it ol trace, « out the lipfe. ,. 


Orr?” THe; 7 bor: 2 SHOT 7:59" rt 34k 555 
* PROBLEM 1 
5 + 18 N 4 et 2655 21 2 ; it ie 


815 


He Bibs, e fat te e 1 
4 an Eg. Ys , having the other three A 1141 


142 1487 R £3 2 JE! l g 7; Cp INJ 0 6 34. : 15 
ed SU of n 125 12 Jie n * 25 de 
e wh 2586 ie e: . I's bh A\ ft 
25 e 3 To ue the oe. gh * 7 £93 
S H Ad the tranſverſe * 1 e /, » bt 
2; 


"vis the conjugrathc . t 46:51 e 2 
801 5 the meah 7 my rn when _ able n 


4 4 a IN , at's; 


. we! | F901 
pet fs PO * 1 x % r ba 216 
. ee bs vader 2 
1. In the ellipſe A ADBG, the tranſverſe. AB is 79, — 
conjugate CD is 50, and x . AP ks: wi KB 50. 


W is Sax late 2 $i ee t: 
% Ys L- 2H 9 . * 
enk wr EE | —_H Firſt 


AND THEIR $OLLDS 233 
.. Fir . 


14 = Ar. 
224 
877 
; 784 (28 mean 
4 between 56 
— and 14 
48 | 384 
. |] 384 


Then 70 t 50 f 28 3/20 = 7auhe ordinate. 


Ex. 2. If the tranſverſe be 80, the ne wy and 
an . 163 required the We, 1 155. 


CA 8 E 11. 


From the ſquare of half the con jugate take the ſquare 


of the ordinate, and extract the ſquare root of the re- 
mainder. Then 


As the conjugate 
Is to the tranſverſe 
So is that ſquare root 


| To half the difference of the abſciſes. 101 


Tben add this balf RY dat to half the "UTIL for 
the Ru abſciſs ; ; and ſubtract it for the les. 


, — „ 
% * i A ma? 3d oh. «£3 g 0 * > : 


= 


; EXAMPLES, | | 
2. The tranſverſe an is 50, the conjugate cp is. 
and the ordinate s 20; e the, a ſcalles « AP ani 

r. | 


1 = od nog Ds — 5 — —— — 4 7 
; * + a a 
— a wag — 4. N - - — — = 
. — , ¶˙—⁰ꝗÿ.'1..... 2 ures ; N 
7 T * * 7 
a 4 N 
4A 
. 
= 


"contre terien 


Firſt 25  _ Theh. 
RT. | 35 half a» 
— "7 . 70 14.16: ed half-dif, 
n 
de og BY 30 = PB 
—V— m „%%% er 
wy" {09's cos e — N 
e 
225 (15 
1 3 x 
25 128 
ene. | 
* ER 2. Whats are e owe „ abſciſſes to > the vices 24 
the axes es being 80 and 607 | Anſ. 16 and 64+ 
| CASE 11. 
; 5 3 75 find the Conjugate. ws | 
Abbe wean proportional between the bſciſe : 
Is to the ordinate | 4 2 
So is the tranſverſe ; 
|| To the eehte. 


Note. In the fame manner the ah may be 
found from the conjugate, uſing here the abſciſſes of the 
conjugate, nnd their ann, e to — con 
Jugate. on 


. 


, EXAMPLE 8 


1. The tranſverſe being 180, the ordinate 16, and the 
, greater: . 144; r che 9 ; 


; . ? 0 
117 G / * 5 
n 180 
: # 


and tTHxHEtR Sts. 235 


180 1 
144 greater abi. 
36 leſs ab. 
5184 (72 : 16 :: 180: 40 the conjugate. 
49 16 „ | 
1421284 1080 ; 
284 „ 


— ; 2) 2880 . 
Ex. 2. The tratifverſe being 50, the ordinate 20, and 
abſciſs 14; what is the conjugate? An. 30. 


e To find the Tranſoerſe.” 


From the ſquare” of half the conjugate ſubtract the 

ſquare of the ordinate, and extract the root of. the re- 

mainder. Next add this root to the half conjugate, if 

the leſs abſciſs be given, but ſubtract it when the 

5 abſciſs is given, reſerving the ſum or difference, 
, i eee TT OF 9 3.1 


As the ſquare of the ordinate 5 
Is to the rectangle of the abſciſs and conjugate :: 
So is the reſerved ſum or difference -, 3; 


To the tranſverſe, 


cr E X A M „ + 
I. If the conjugate be go, the ordinate 20, and the 
leſs abſciſs 14; what is the tranſyerſe ?:? — 

o A 23 - : Firſt 


boy 
— 
: : 


3 


l ' 
7 
' : 
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1 i bo 
| | 
Ks: : 
+ 
| 
+3. 
"4 . a 
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yy 
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N 5 508, for the circum Gent, "Ps. 


eee terien: 


Firſt M 
| 25 20 14. 1510 a 
25 ͤͥð]ðͤ . 5 
125 400: 700 :: 40: o the tranſ. 


50 — — 


* * 5 RY LE) 
25 | 12S ge 2,7. 
Er 22 332 | | 
* - 

dxf CAD. 4. 1 


Ex. 2. The \njugate bein oh dts 16 and 
the leis — 2 tee Anl. 180, 


14% N 


To find the Cireumfarence of an Ellipſi. 
Add the two axes together, and multiply the ſum by 


14 


8 1 411 1 : 
* * . 4 P * E Na 


1. Bags the circumference of the arp bk = 
AXES are 70 and 50, © 
1 70 216 ie 2157 3:5 e er 


4 4 © 
ls eie \ ; 


NAOH | l 11 n 
* . WAL SS $otbs Tod Seb OY ISISS B09) #1{-G« 
a © * : ö * * 4 * * 

120 len ALD 101572 ods ©! 


$774 . 5499 wo 


42 4511 


. TT NM * 2 þ 2 5 
| on) Bok Fenn 4060 l pert cre a5 2 , 


—— . F ee 21. 741 * 


* N . 1 W333 2 , »s 


+ Pn 


A ene , 
Ex. 2. What is the periphery e of an w. whoſe two 
Axes ne * nad; ane. ak, * 11 32 


4 


PROBLEM IV. 18 


© To find the Area 1 85 Kuh. 


Multiply the tranſverſe by the conjugate, and that 
multiplied by 7854, will be the area, 


Or multiply 7854 firſt 4741 the one © axe, and the pro- 


duct by 2 other. : 
Ye EXAMPLES: 
Joi To find the area of the aliphe whoſe two axes are 
r | 7854 | 7 
tes i de 0. | 
7 ION i: eds 
70 
2748: gags, anf. 


. . 3 
; e 


Ex. 2. What i is the area of the clip Re two axes 
are 79 182 ; | * 359 5 | 


| PROBLEM v. £50504 
25 fu i the Area of an Ellis liptic PANE * | 


Divide the height of the ſegment by that axis of the 
ellipſe of which it is a part; and find in the table of cir- 
cular ſegments at the end of the book, a circular ſeg- 
ment having the ſame verſed fine as this quotient. Then 


multiply continually together this ſegment and the two 
—_— for the area required, 


238 2 coNn I.C 8 EC T 1 Oo NS 
E X AM IL. E 8. 


1 ht AP is 20; the tranſverſe AB being 70, and the 
eonjugate CD 5 
70) 20 (2855 the tab. verl. 

- The correſpond. Te” | 


Li 
” £ 
* - : - 


12.961620 
| 50 


| 648.8000 


. What be d an = dhptie ſegment cut off 
parallel to the ſhorzer axis, the height being 10, and the 
aàxes 25 and 35? Ani. 1620210, 
Ex. z. Whit is the area of the elliptic ſegment, cut 
off parallel to the longer _ the height being 5, and 
the axes 25 and 355 Anſ. 97'8458. 


PROB LEM VI. 
' To De eſeribe or wee Parabola. 


vr being an abſciſs, and v 
its given ordinate; biſect yq_ 
in A, join Av, and draw Ar 

rpendicular to it; and tranſ- 
ber PB to vr and ve in the axis 8 
roduced. S0 ſhall: be what 
uad the focuas. = 
Draw ſeveral double et 1 
es ss, &c. Then witk 
e radii n, &c:. and the cen- 
ter r, deſcribe arcs cutting the ha 
correſpondin g ordinates in the 
points Sz &c. 


1. What 18 ike area of an elliptic ſe nent rag; whoſe 


AND THEIR SOLIDS. 239 
Then draw the curve through all the points s, &c. 
OO ®"PROBLEM vi. h gk 
To find any Parabolic Alſciſs or Ordinate. 
Ihe abſciſſes are to each other as the ſquares of their 
erdinates ; that is, 1 | 
As any abſciſs is to the ſquare of its-ordinate, 
So is any other abſciſs to the ſquare of its ordinate. 


Or as the ſquare root of any abſciſs is to its ordinate, 
So is the ſquare root of another abſciſs to its ordinate, 


nnn 


1. The abſciſs vs is , and its 
ordinate AB is 6; required the or- 
dinate DE whole abſciſs vE is 16. 
Here 4/9 is 3, and / 16 is 4. 

Then 3 6:4: 8 2 DE 

PRE aaa required. 
Or if the ordinate DE were giv- 
en = 8, to find its abſciſs ve, 
Then 6* = 36, and 8* = 64, 


 . Hence 06: 04:494 10 = vom 
: . required, £ ; | 3 4 
Ex. 2. If an abſciſs be 8, and its ordinate 10; re- 
quired the ordinate whoſe abſciſs is 18. Anf. 15. 
Ex. 3. If an abſciſs be 18, and its ordinate 18; what 
is the abſciſs whoſe ordinate is 10? Anſ. 8. 


— 


4 RUN Mena 
To find the length of a Parabolic Curve. 


To the ſquare of the ordinate add ? of the ſquare of 
the abſciſs, extract the ſquare root of the ſum, and dou- 
ble it for the length of the curve, cut off by the double 
ordinate, nearly. r dad „ 
| E X- 


CONTC SECTIONS 


” — "I, 
ny 


; EXAMPLES; 


1. The abſciſs vn being 2, and the ordinate AB 6, re- 
quired =o length of the curve . dent 81 | | 
= VB... . 


20 416 ; 
| "13.3333 
X. gy n , - 
75555 ( $4391 root 
2 5 Wt 1 - —— — * 3, 2 
/ 5 K 11 * = arc Ave nearly 


1282 | ET AG 


| 173860 1169 6 W 
31 851 5 WET 3x66 e S366 476 
+ 


wg 2. What is the = oth of we ele curve 
whoſe HAY is 3, and ordicrate 87 „ Anſ. 45 4356. 


of e : 
4 PRODLEM ix. . 
2 * the Area of a. Parabels, Ti 
Multi ity the baſe by the * and 3 of the pro- 
aud will be the area. 
| , E X- 


— 
8 - ”_— = \ , — - 
* « oa 25 — — 2 — — — 
—— 1 
. — 
——— — Dre 
. 
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AND THEIR SOLIDS. 


MM: AMP I-60 
* Ys Required the area of the parabola avca, he ab- 
, ſcüls VB _ 2, and the ordinate AB 6. 
12 
3 


24 


— 


48. 
a 16 Anſ. 


Ex. 2. What is the area of a parabola. whoſe abſcifs 


is 10, and ordinate 8? e * 


a PROBLEM X. 
To find the Area of a Parabolic Proftum. 
Multiply the difference of the cubes of the two ends 


of the fruſtum by double its altitude, and divide the f 


product by triple the difference of their ſquares, far the 
area. 


* X A M r L Es. je TY 1 * 


is Required the area of the parabolic fruſtum aero, 


4 being 6, DF 10, and the altitude BE 4. 


Ends Sqrs. Cubes 
10 . 
6 36 216 


63 dif. 784 
„ 


\ + 192 ) 6272 (321351. a 32 Anf. 


24 


_ 
TE aan ä — — — 
1 - 
0 


8 


3 


A, and equal to 


and radius DC, de- 


242 cee Der o * 


Ex. 2. What is the area of the parabolic fruſtum, whoſe 


wo ends are 6 and 19, .and its altitude 3 ? 


PROBLEM XI, 
27. Confirudt or 1 7 5 an Fyperbola. 


Let p be the cen- 
ter of the hyperbola, 
or the middle of the 
tranſverſe AB; and 
ze perpendicular to 


Anf. 244, 


half the conjugate. 
With centre p, 


ſcribe an arc meet- 
_ Ing an 3 rah in 
F 113 which are 


tte two focus points 
0 the hyperbola, 


Then, aſſuming ſeveral WF, E in the tranſverſe pro- 
de with the radii Az, Bs, and centres f, r, deſcribe 


points draw che e curve. : 


| | ernie, 


Ie peels to find the Tranſverſe, or Conj gate, 


Co, or Abſcift. v7 
| CASE wy 

FEY To Find the 9 ; 
As the tranſverſe | 


ay 
| * 


Is to the conjugate 


So is the mean propor. between the t two abſciſſes 
70 the IN. hs hs 


* 


ares interſecting in the ſeveral points c; through all which 


or © 


"Nor 


"i 


— 


Gs 


. 1 156 
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Note. In the hyperbola, the leſs abſciſs added to the 


axis, * the en . 


| 4 * A P L ES. 
I. If the ae be 24, the conjugate 21, and the 


' leſs abſciſs vs 8; what * AB 


24 tranſ. 
S8 le abſ. 


32 greater abſ. 


Fee, FEI 


. 


Then 24 + 23 2: 464 14 = a3 required. 


The tranſverſe being 60, the conjugate 36, 
and Ge ew abc 20 required the ordinate. Aaf.. 32 


che 11. 


To the . 5 half the conjugate add the ſquare 


| of the ordinate, nd exit the _ root + of he FRO 


Then ; 5 5 | 2 

As the conjugate. | * 
Is to the tranſverſe 35 
So is that ſquare . 7 1 
To half the ſum of the abſciſſes, | 


Then to this half ſum add halfthe tranſverſe, for the 


| greater abſciſs; add ſubtrat it for the-teſs 
"oth 4 _ M2 5 r 


24414 PPP 4 QT 10 00 * 


5 


* *% 
* . 
q * 8 - of 
SE WY A 
„ 4 "4 a 4 


E x A M L E s. | 


15 The 8 ws 24, and the conjugate 21 ; 
required the two abſciſſes to the ordinate AB 1 * 


Firſt 1057 * & conj. 14 W 
5 8 14 ; 
ED cj „ 
— — — — 8 | SY 
© 8 
X | 3 
196 96 
— . 


* 5 ( 17 5 the as rel root. Then 285 


* 


— 


a i” 


TEN 189 on 21 : 24 : 17˙5 : 20 half fürn 
8 12 balf tranſ. 


An. as 5 - not 


. - 
$4 . 
- 7 ” I 8 | —— 
(> C 11 : 
—" I. S ? * 

if 4 . 
| * 

4 

4 


n 2. The nin being * the conjugate 26; 
= as red the two enn 24. 
| Ant. 8 nen. 


1 
1434 8 6 85 N | 
CASE III, E 31K 


75 find the G ” 


As the mean propor. between the abſcifſes 

| Is to the ordinate | 
So is the tranſverſe. e eta ang b- 

| To the conjugate. | 1 en 2. 


4% vs 


* 
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«ay ans. 75 
1. The tranſverſe being 24, the leſs abſciſs vs 8, and 
its ordinate, AB 143 what 1s the eingebe ? 


„ 4 As 16 : 14 ü n An... 
—— 1 AS 
256 X 16 the mean — 
26 ich 
6 | 156 


1 
— 


EE 2. What i is the conjugate to the 3 
1 KN is. 1 . n 24, and the leſs ab- 
e Ion FL NY „ "0% 36. 


4 JT 
1 To fad the Tranſverſe 


To the POV: of half the conjugate add the ſquare of 
8 ie ordinate, and extract the ſquare root of the ſum... 
Next, to this root add the half conjugate when the le ſs 
1 is uſed, but ſubtra& it when, the greater ableils 1 bs 
"we 3 reſerving the ſum or r hen 8 


As the ſquare of the ordinate - 


18 to the product of the abſciſs BR conjugne 6 2 | 
Ss is the reſerved ſum or difference en u 
75 To the' tranſverſe. W 9 7 a Naar 22 7 
* 48 


„E X AM P. L ES. 


wo 2111 


8 The leſs abſciſs vs being 0 7 its e An 
15 "74s, required the tranſverſe to the conjugate 21. 


_24& ., COonre SECTIONS 
7 
14 
10%; vis 5 6 
„„ OT. LM 
. 8 


110˙26 F 
196* — FT OY APA col 
— Pe : 6 Then * 
306"25 05.5 s 196 : 16828: 
. 10˙5 Or - . 6 1 28 124 Anf. 
„ — — BESS 1 | 


HS 280 55 IMs 
189 


| GI Ws 25 * 
5 | 5 1 
| ou | — 3 . 07 1 32 
1 0 1755 * 3 
| | f : a * 9 FT ; V 8 
=_ | 
i Ex. 2. What be me tranſrord of the kyperboty beg 


| niece is 36 3 the leſs abſciſs being 20, and its ordi- 
W 1 ave 71 | * 


— — 
äꝗBZU2eé— — — —ä— 
—— 


| (0 Los ma vB bf 
4 "Pl 75 frnd the Length of an SOA Curve, 


7 


1 1. To 21 times the ſquare of the con add 
bi . oh uare of the tranſverſe; and 3 55 | 
| mare of the conjugate, add 19 times the 
55 — the 1 tranſverſe ; h each ſum by 0 
cils. > We . 
2. To each of theſe inks add rs times the 
product of the-traniſverſe and e of the conjugate, 
3. Then as the leſs ſum is to the greater, ſo is the dou- 
ble ordinate to the length of the ene. 


——— 2 —ñ ũÿ1 
— += > 
yu 


| Oe * X AM r U K 
5 1. Required the 1 of the curve Avc to the * 
z 200 vs 20 and ort 1 1430 the two. axes rg 6 60 


; 6 . 
7 0 us 
8 4 * 
* 


"Jq. conju. 


3 . 


AND THEIR 


1192320 
1166400 


—— 


2358720 


SOLID S, 


27216 


68400 


95616 


20 


1912320 
1165400 


— — 


| —— — 


307870 


Then 2358720 ; 00" Ig ; i 48 ; 626520 the whole curve 


T231408 


„ "1 —_— 2462976 


23507) 14777066 ( 616520. Aut. 


6 6 „ 


1415232 


— 


62553 
47174 
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248 conic 8S,Li ros 


. 2. What is the length of the whole curve to the 
ordinate 10, the tranſverſe and conjugate axes being 80 
and bo? 80 SD mu. 20*%601. 


1 85 PROBLEM XIV, > 
To find the Area of an Hyperbola. 


r. To; of the'abſciſs add the tranſverſe : multiply 
the ſum by the abſciſs; extract the ſquare root of the 
2. Multiply the tranſverſe by the abſciſs, and extract 
* , the root of that product alſo, 5 

3. To 21 times the firſt root add 4 times the ſecond 

root; multiply the ſum by double the product of the 
conjugate and abſeiſs; then divide by 75 times the trani- 
verſe, for the area nearly, © + „ 


5 . . 
* * ö 


3 . 
1. Required the area of the hyperbola avca, whoſe 
abſciſs vs is 10, the tranſverſe! and conjugate being 30 
and 18. 1 5 | 2 " RIM ET © 


« 4 : 
+ * 
7 
x 
* 
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. a WS w 10 
— — — — | > wart 5 , | 
- 7) 50 5 1204 Pew | * 173205087 
7142 a 8 "TL — 1 
_ | | W — —— 
> . 5 2 E400 5. "I. = 690 2820324 
3714285 7 


— 34 3 | 1100 

371 428571 0 erte, 3 | 1029. 

— 5 — 3462 7100 

5 81850 e e | . 1 
201 385449544. 

— — — — 34640 gesstses. 

Py, 1042 %% 

_ 69˙2820324 — : 
— — 280 5 
384727885 e886 HP 277 1 

7269 —x7§ĩ*—:˖ éꝗ628— | 


667 | 0 : TOS. [39] — 
7 bus ah. bob. */AN 


38544) 18587 (4822 
N 2 9 15418 


3169 
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86 
77 


540 
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* 
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'2 — 8 WS A. — ” wes” « So 2 1 „ = - 
eee 7 RG a Sel 3 * I 
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: 
— 7 by 
\ 
. 


* — - 1 * — EIS — 
n _ 2 2 
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* 
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——— 2 —ͤ Ay ape 
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— 


* : 
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s b Y 
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Ws | 


18 75 4740041586 
40 f 30 X * 7 20 
1 | 7 | ; ; 8885 
N 


2250 048008 31 720 
4 33180291102 


- 
9 ͤ K wy 1 44 r 


a 2 5 ) 3412829941920 ( 101 
7. ppp : & 5 


7365-131-9167608- 
| 15 168133 area required. | 


”y 


7 mad N 


| Ex. 2. | What | is > the area of the hyperbola to the ab 
222 i | 


— 


2 


* o LEM. xv. 17 7 


47 Fo. fad the Sidi ef- hei 


Square the revolving. axis, multiply that ſquare by the 
fAxed aris, and multiply the FR. by. . oy Ot: 
content. | s £ 


A — I » , . 2 
— * 9A 


E X AMP E 8. 


| x). Required che ſolidity of the prolate ſpherid aca 
whoſe axes are as. 50 and o oth 

9 5236 Ref bg 
. 5 


458 23562. O00 And. 


. 8 ry 
— * : 
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Ex: 2: What is the content of an oblate ſpheroid, 


whoſe axes are 50 and 30? Anſ. 39270. 
Ex. 3. What is the ſolidity of a prolate ſpheroid, 


whoſe axes are 9 and 7? | Anf. 23049076, 


PROBLEM XVI. 
To find the Solidity of the Segment of a Spheroid. 
"CASE 1. | 


When the Baſe is Circular, or P arallel to the Revolving 


Axis. 


_ Multiply the difference between triple the fixed axe 
and double the height of the ſegment, by the ſquare of 
the height, and the product again by 5236. 1 
Then as the ſquare of the fixed axes is to the ſquare 
of the revolving axe, ſo is the laſt product to the con- 
tent of the ſegment. | | 


PXAMPLES. 


1 Required the content of the ſegment of a prolate 
ſpheroid, the height as being 5, the fixed axe As 50, 
and the revolving axe CÞ 30. | Pang 


150 5236 
10 3500 
140 261 8000 
0 157088 
* — 
7000 1832-6000. 
3500 


2 oi SECTIONS 


Then as 25: :: 1832˙6 b „ 
- Or as 100: 36 ; : 1832'6 ; 659˙736 
Fas e 0 
„ 
54978 EE 
- 9. 2..__ 100) 65973'6 ( 659'336 Anſwer. 

Ex. 2. If the axes of a prolate ſpheroid be 10 and 6, 
required the area of the ſegment whoſe height is 1, and 
its baſe parallel to the revolving axe. Anſ. 51277888. 

Ex. 3. The axes of an oblate ſpheroid being 50 and 
30, what is the content of the ſegment, the height be- 
ing 6, and its baſe parallel to the revolving axe ? 
| e, Eo oO byH 


* 


CASE: lr. 
N den the Baſe is Perpendicular to the revolving Axe. 


Multiply the difference between tri ple the revolving 
axe and double the height of the ſegment, by the ſquare 
of the height, and the product again by «5236. _ 
Then as the revolving axe is to the fixed axe, 
80 is the laſt produd to the content. 


JJ BEANS SE | | 
I. In the prolate ſpheroid Ach, the fixed axe az is 


50, "the revolving axe cp 30; required the ſoliduy of 
tidbe ſegment CEF, its height cs being 6. . 


a 
0d \ 
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90 5236 
12 2808 
78 41888 
36 41888 
— 10472 
. | 
234 1470˙2688 
2808 


ane ge 50 : 1470˙2688 . 2450 ·448 ; 


—— 


© 3) 7351˙3440 
"Oe * 


Ex. 2, In an Abtate ſpheroid, whoſe axes are 50 * 
30, required the content of the ſegment whoſe height is 
* its bale being perpendicular to the revolving axe. 

n 1999 £5 


PROBLEM xvII. 


To find the Kuen of the Middle F 2 of a Seon 
CASE 1.0 n 


When 1 Ends are Circular, or Pera 10 the Eee 
; | Axe. 


' To double the. 9 of the middle 8 add this 
13 of the diameter of one end; multiply this ſum by 
the length of the fruſtum, and the FOE again 'by 
*2618 for the content. | 


Ex- 


of a 7 x a the greateſt diameter cp being 3o, the 


diameter of each end Er or GH 18, and the length 
AB 40. 


| {1 3 '. GONE: 3 X6TTLONT 
; . 
| „ 
= . T3 i 
| . Requir ured the folidity af the middle fruſtum xenr 


- 18 2 ; 30 ' »% ® ' 
| 18 N 1 | ; 
144 900 
. 
| 9 $24" \1$00- + 


22242 5280 Anſwer. 


” x - a ; — 5 3 2 4A 
&. » . © N 1 9 * % Mg W. F + * n 7 ; \ * 
1 E * 1 « : 5 * e 6, L . by * 
> 5 * 2 18 * L * — 7 
3 * 


* 


Kx.2. What is * „ dt Q the middle fruftum We | 
oblate ſpheroid, p, ad the diameter of each circular ee 


i e 18? | 
177 15 5 Au. $1205 4 


— 


19 CASE 
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mY 


2 #5 © 3:10 20 it | 
When the Ends are Elliptical, or Perpendicular to the 


Revolving Axe. 


To double the product of the tranſverſe and conjugate 
diameters. of the middle ſection, add the product of the 
tranſverſe and conjugate of one end; multiply the ſum 
by the length of the fruſtum, and the prodult again by 
2618 for the content, VE 


898 "IF 


ON i Le a na av raw altha 
1. In the middle fruſtum Eynd of an oblate ſpheroid, 
the diameters of the middle or greateſt elliptic ſection ax 

are 50 and 30, and of one end Er or GH 40 and 24 re- 

Wired the content, the height ix being 9. 
40 . 


; Pos 

1 —— — 

| + * 5 . _— 
* 


256 .* CONIC er ron 


Ex. 2. In the middle fruſtum of an oblate ſpheroids. 
the axes of the middle ellipſe are 0 and zo, and thoſe 


of each end are 30 and 183 ; required the content, the 


Wt eee N ge LO Ant. 37070'88, 


3 


3 o 
* 233 


rn E51 Xviff. 14 1 7 N 


25 2 the mare of a an Elli 0 man. 


\ * A 
14 


, 
4 3 5 4 a VF „ * * 5 8 U L E 
3 3 


5 Take the difference 3 3 nan ho diy of 
the middle or greateſt diameter, and 4 times the ſquare 
of the diameter at + of the length, or equally diſtant be- 
tween the middle and one end; as alſo, the difference be- 
tween 3 times the greateſt diameter, and 4 tienes the 
ſaid middle diameter. Then the former difference di- 
vided by the latter, wilt be quadruple-the central diſ- 
tance, or diſtance between the centre of the Fin * 8 


centre of the generating . ©» 


2. Then find the. axes of the ellipſe -by n Ker 
and the area of the ſegment which — the | - 
by problem v. | 
Divide 3 times that area by the length! of the . : 
Mes from [the quorien abtract the greateſt diameter; 
: $96 mult ly the demainder by the quadruple central dif- 
before found. — 

5 Subtract this product * the ſquare of the 
gresteſt diameter; and multiply the remainder by the 
length of the: ſpindle, and again by 5236, foe the. ſoli-. 
* 3 EY 

5 e Lo 16 
2 * A * PL E $ e 
R . the ſolidity of the alin ſpindle. ACB DA,. 
the ck. AB being 40, the greateſt diameter o 12, and 


N diameter Er, at + + of the W 9 49546. Flo: 


4 * 
4 wh, a n 


* J | : : 
3 nn . 
i * 


* For 
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1. For the Central Diſtance, and Ares of t the Elligſe. 


AT 37˙98184 
300 36*00000 


— 


8 * 
dif. 198184 \ 
\ OO ——— | 4 F ; 
30D? 432'2000 PE, | # 


A 


4 3600546 — gn 


193184) 7153454 (36 = 406 : 
59˙4882 9 = os \ 
0 = ES 
118872 — + | 
118916 15 = oc 
— — Cc the co}. 
5 24 — 6H"" 
6 = ic@' 
144 * 


its root 12 = mean between co and GH, 


Then as 12 ; 20 (or 46) o (or cn) o = ix 
b | 0 5 —35 iy the raaferke 


For th Generating Bll liptic boy 
en 30) 6 4 


2 tab. verſ. 
111823 tab. area correſp. 
GO K | 
———  — 1 Pugh 
3 30 H 4 
oy 8 4 N 
16773 45⁰ area generating ſeg. ACBA) 


5 


3. For 


14 

5 

. 8 

IJ 

[ . 

} 

| f 

1 

bl > 
1 0 
2 

. 

1 

1 

is 

? 

| | 


4392467400 
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3. For the Solidity of the Spindle. 
A 
AB 40) 503 · 2035 


8 12*5 800875 
ee WES > Bf 


"Y 


2 


tt. 


123*11685 


—— 


2 


2᷑09 548044 
e 


* : : 
NE * 8 + 
” 9 * 

of A 


1 49348 
l . 
| eee D'S 


( — 


— 


ſolidity 2578. 5603064 Anſwer, | 


Ex. 2. Required the folidity of the elliptic ſpindle, 
whoſe length is 20, the greateſt diameter 6, and the 


diameter at + of the length 4˙747 73. Anſ. 32232. 


"RU L E II. 


IT To the ſquare of the greateſt diameter, add the ſquare 

of double the diameter at 4 of the length; multiply the 
| ſum by the length, and tho product again by +1309 for the 
plidiq, very Bead f. 


Note. 


= N ap 
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Note. This rule will alſo ſerve for any other ſolid 
formes by the revolution of any conic ſection. 5 

E x AM PL E. 


What is the ſolid content of the elliptic ſpindle 108 
length is 20, the greateſt diameter 6, and the diameter 


eee en 4747737 
| 5 7 
oF 495 46 double the dam. 
8 — reer 8 


Nu «44k 


a 


8 5 16 ;of double dem. 55 
28 375 of «i 


226-16 75 fam 
2 oy age 


2523*27500 frfHP 
9o3 t or 1309 e 


2225 
757 
Fs 


Ant. — the fair nearly: . 


| PROBLEM XIX, : 
To find the Solidity of a N or Sane of, an Elliptic 


Spin 
Proceed as in the laſt 9 for this, or any other ſolid 


* L \ — TREE 8 *% 6% 12 Sh 
ae en 


L 4 . 1 4 4 
＋ . 5 at * EE Y ” 7 ” 8 * 1 + * 2 * . - 
„ 5 &.? 0 1 2 3 ST: * 
8 4 : . y p ” $ - Z "WF - — 7 1 2 2 
g ” * 1 5 6 * 8 * & ; a * ah 548 ; 


205  _ cant seren 


formed by the revolution of a conic ſection about an 
_ axis, namely, "4 7 | 


Add together the ſquares of the greateſt and leaſt 


| diameters, and the ſquare of double the diameter in the 


middle between the two; multiply the ſum by the length, 
and the product again by 1309 for the folidity, _ 
Note. For all {uch ſolids, this rule is exact when the 
body is formed by the conic ſection, or a part of it, re- 
volved about the axis of the ſection. And will always be 


very near the truth when the figure revolves about ano- 


ther line, VV TY 0 
| AN 8 

1. Required the content of the middle fruſtum Ef 
of any ſpindle, the length az being 40, the greateſt or 
middle diameter cp 32, the leaſt, or diameter at either 
end EF or GH 24, and the diameter ik, in the middle 
between Er and op, 30 157588. 


32 30˙1 57568 G 
8 3 0% 

Ko 60*315136.double . . "7—C 1 
| 2 ; 2 — s OAT, : Is PT © - - 5 = = = 8 
2024 3618990 _ "8 > 

I Sl” 
« 24 60 | | 8 F ——— i - 


Dog nn WO or 
Ps | 1024400 fg. of co 1 


— 57600 ſq. of Er 


523789 ſum | 5 ; 
40 length d N 
8 
eee 
ot. : ; 8 
„ 
D 
. WY : * 1 


A aw 


meter 81. 


and the diameter at + of the length 142 
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Ex. 2. What is the content of che ſegment of any 
ſpindle, the length being 10, the greateſt diameter 8, and 


the middle diameter 6? Anſ. 272272. 


Ex. 3. Required the ſolidity of the fruſtum of an 
hyperbolic conoid, the height being 12, the greateſt 
diameter 10, the leaſt diameter 6, and the middle dia- 

e Pts Lon dh3 Ty Anſ. 667*59, 
Ex. 4. What is the content of the middle fruſtum of 
an hyperbolie ſpindle, the length being 20, the middle 
or greateſt diameter 16, the diameter at each end'12, 


Anſ. 3248-939. 
£ A 8 PROBLEM 3 
To find the Solidity of a Parabolic Conoid. 
Multiply the ſquare of the diameter of the baſe by the 


_ altitude, and the product again by 3927, for the con- 


tent??? 


7 x 
. f 


5 iS A1 Au r 1 12. 5 

1. Required the ſolidity of the paraboloid whoſe height 

BD is 30, and the diameter of its baſe ac is 40. 
* ö ö : - 40 4 : * , 8 * 


18840 · 6000 Anſwer, 


7 


- Ex. 
. 


a | corre $ECTIONS 


| whoſe en is 42, * the diameter of its baſe 24 ? 


1 ee 


| by the length, and the 9 8 again by . for the 
content. 
an + - ö E x- 


Ex. 2. What is the conterit of | the parabolic conoid 
Ani. en 45 


— 


e 
To . the Solidity ef the Fruſtum of a ; Paraboloid. 


the fam of the ſquares of the diameters of 


Multiply 
the two ends by the height, and 1 N by 
3927, forthe content. 63 Sth) 


\ 


a xk dr whe. 


. Required the content of the mitaboloidal fruſtum 

ABCD, the diameter aB being 20, the diameter Dc 40, 
and * hei bt EF 2 „% uy Ji. 

' 400 * [HI EO FO 

WWW 94.6437 3 |; 

225 ET 


45900. „ 
3927 TAY o 


— 2 


15708 


5 1767150 Außer | 
Ex. 2. What is the content of the fruſtum of a para- 


boloid, the greateſt meet ws 30, the leaſt 24, and 
the altitude g? 4 — 5216˙6266. 


— 


PROB att XxII. 
25 find the Solidity of a Parabolic Spindle. 
Multiply the ſquare of the middle or greateſt diameter 


— 


— 
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d ET On a 


5 1. Required the content of the parabolic ſpindle 
1 whoſe length 4s is 40, and the greateſt diameter 
CD IDs 4 eds 1 1 


1 16 cy 
16 


f — 


| 6 
5 i" | 


— 
256 cp* 
n 17 40 AB 
10240 
41888 


004 20 | 
377 . 
41888 | 


4 


4289 · 33 120 Anſwer. 


C4 


| Ex. 2. What is the ſolidity of a parabolic ſpindle, = 
whoſe length is 18, and its middle diameter 6 feet? n 
g | Anſ. 27174336, | 


5 PROBLEM xXxXxIII. | 

d To find the Solidity of the Middle Fruftum of @ P 

Js a ; g - | Spindle, FE | 11 

; Add all together 8 times the ſquare of the greateſt  Þþ | 

diameter, * the ſquare of the leaſt diameter, and 

4 times the product of the two diameters ; multiply the i 

: fum by the length, and the product again by 05236 
- for the ſolidity. Ee SE sf 


E X» 


lic ſpindle znr, the length An being 


CONIC SECTIONS. 


| | EXAMPLES. i 
1. Required the content of the fruſtum of a parabo- 
20, the greateſt 


diameter cp 16, and the leaſt diameter EF 12. 


* 


— 


wo 


389760 5 0 2 e 
340130660 Anſwer. 
and leaſt diameter 10? _ 


. 1 


* 
©. ** % 


16 


\ 


1 2048 8b | 
432 ZEF* 
708 4cD Xx EF 
3248 ſum 
20 A3 
N 64960 
08236 


19488 
333 5 
332480 


, Fl 


* 


Ex. 2. What is the content of the fruſtum of a para- 
bolic ſpindle, whoſe length is 18, greateſt diameter 18, 
101 Anſ. 340423776. 
Note. The folidities of the hyperboloid and hyper- 
lic ſpindle, are to be found by rule 2 to prob. xviii 
And thoſe of their fruſtums by prob. xix; where ſome 
examples of them are given. 
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HE buſineſs of caſk-gauging is commonly per 
j formed by two inftruments, namely, the gauging 
oy ſliding· rule, and the gauging or diagonal rod | 


1. OF THE GAUGING RULE, 


This inſtrument ſerves to compute the contents of 
caſks, &c. after the dimenſions have been taken. It is 
# ſquare rule, having various logarithmic lines on its 
four fides or faces; and three fliding pieces, running in 
6c 

Upon the firſt face are three lines, namely, two marks 
ed a, B, for multiplying and dividing; and the third, 
MD, for malt depth, becauſe it ſerves to gauge malt. 
The middle one 3 is upon the ſlider, and is a kind of 
double line, being marked. at both the edges of the 
ſlider, for applying it to both the lines A and p. Theſe 
three lines are all of the ſame radius, or diſtance from 


1 to 10, Each containing twice the length of the radius, 
4 and 8 are placed and numbered exactly alike, ecactr 
beginning at 1, which may be either 1, or 10, or 100, 
&c, or *1, or o, or ont, &c, but whatever it is, the 
Se, FW \ 1 middle 


— 


1 


177 Tot | 


pan np - 1 2 * 
<; — 04006 > We Sin © L 2 — _ ph 
Om te ü. ꝗ Cold. VERT ip tte any wo Ry 


No - } 
266 >CATOCOALINS.:22 4.8 


middie diviſion 10, will be 10-times as much, and the 

laſt diviſion 100 times as much. But 1 on the line up 

is oppoſite 215, or more exactly 21504 on the other 

lines, which number 21504 denotes the cubic inches in 

FA a malt buſhel; and its diviſions numbered retrograde to 

thoſe of a and 3. Upon theſe two lines are alſo ſeveral 

other marks and letters: thus, on the line 4 are ms, 

for malt buſhel, at the number 2150'4; and a for ale, 

at 282, the cubic inches in an ale gallon ; and upon the 

line x is w, for wine, at 231, the cubic inches in a 

| wine gallon; alſo 5z, for ſquare inſcribed, at · o, the 

Wl - ſide of a ſquare inſcribed in a circle whoſe diameter is 

| Iz; se, for ſquare equal, at · 886, the fide of a ſquare 

which is equal to the ſame circle; and c, ſor circum- 

ference, at 3.1416, the circumference of the ſame 

2 Ol Via Fir 3 
Upon the ſecond. face, or that oppoſite the firſt, are 
a ſlider and four lines, marked v, c, o, E, at one end, 
and root, ſquare, root, cube, at the other; the lines c 

and x containing reſpectively the ſquares and cubes of 

the oppoſite numbers on the lines Db, D; the radius of 
p being double to that of A, B, c, and triple to that of 
E; ſo that whatever the firſt 1 on Þ denotes, the firſt on 
eis the ſquare of it, and the firſt on E the cube of it; fo 
if v begin with I, c and E will begin with 13 ut if Þ 
begin with 10, c will begin with 100, and E with 1000; 
ald ſo on. Upon the line c are marked oc at 0796, 
for the area of the circle whoſe circumference is 13 and 
od at *7854 for the area of the circle whoſe, diameter 
is 1. Alſo, upon the line p are wa, for wine gauge, 
at 17*15; and 40 for ale gauge, at 18:95 ;/and ms, for 
malt round, at 52:32; theſe three being the gauge 
points for round and circular meaſure, and are found by 
8 the ſquare. roots of 231, 282, and 21 50 · 4 by 
the ſquare root of . 7854: alſo dis, for malt ſquare, are 
marked at 4637, eee point for quare mea- 
robe ww the ſquare root of 2150.4, 
Upon the third face are three lines, one upon a flider 
. ˙ ROK TAR in, An Se 
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for ſegment ſtanding and ſegment lying; which ſerve 
for ullaging ſtandmg and lying caſks. 

And upon the fourth, or oppoſite face, are a ſcale of 
inches, and three other "ſales, marked ſpheroid or 1| 
variety, zd variety, zd variety; the ſcale for the 4th, 
or conic variety, being on the inſide of the ſlider, in the 
third face. The uſe of theſe lines is to find the 1 mean 
diameters of caſks. 
| Beſides all thoſe lines, there are two others on 1 the in- 

ſides of the two firſt ſliders, being continued from the 
one ſlider to the other. The one of theſe is a ſcale of 
inches, from 122 to 36; and the other is a ſcale-of ale 
gallons between the correſponding numbers .435 and 
' 3*61; which form a table to ſhew, in ale gallons, the 
contents of all cylinders: whoſe: diameters are from 124 
to 36 inches, their common 9 being x I mens 


FROBLEM Tee mY 
To Multiply tw N umbers, as 12 and 2 5. 


Set 1 on B to either of the given aner as 12, on 
A; then againſt 25 on ſtand 5 300 on 'a Which! is the 
product, e eser N a 


| r 1 E 44 


75 „ Divides one Number 5 45 300 dy. Sg 


Set 1 on 5 to 25 on a; chen againſt 300 on A ad: 
5 12 on 177 for the quotient. 1141 94 


1 : — PE , 77 
. F, E 
. * i. 3-44 4s. 6s of \ * N 
1 bo. ; * * iy a Yi 8 * A 
4 


0 6% WA 96% Mit 


? } 
2.1516 


PROBLEM, 111. 


27. 0 5245 a Beast heel 4 1 8, 3 t * wa! GN 


Set 8 on 2 to 24 on A j then ragainſt 96 on n 18 288 | 


& * - ry 


on 4, the- 4 ane, e tk ct er nnd 
LS 2 n -P'R o. 
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PROBLEM, Nen W ir <2 


> 1 To Extratt the Square Root, + 4 of 4 22 28. 


The e Ke! on e ſtanding oppoſite the 1 on n = the 
Kock, then againſt MPS on'e ie its {nn root 4 55 
en b. | An 0. 4 ; 

ali ao PROBLEM v. 5 
9:4 4 495 Errol the Cube Root," % 


5 11 line o on the flide being ſet ſtraight with x, then 
ppoſite 3375 on E Hock its cube root 5 =_ 


L. fy 6%: :4 4183 ) i +34 * 3 & 34 6 # 53 IF - » 

A 1 a 

$82; W004? S716 442 PRO BLE M VI. F -: 
ot MI. Tz 


To find a Mean P roportional, as between 4 and 9. 


Set 4 on c to the ſame 4 on o; then againſt 9 on S 
ſtands the mean N 6 on D. 1 Shoes 
: . 6 ig *. ws Fi £45 


n ” 
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| K 0 * L * 1 VII. 
"ig find 88 in Duplicate Proportion. 5 


4. 40 N hal a Number which ſhall be to 120 as the Spuare of 
| 34 the Square of 2, | 
Set 20n o to 120 on c; then againſt 3 c on | ſands 

N 2 ce Verte the anſwer; 4% I 


+84; 'A T3" > ack 10 115 3 48 7 5 ö „ oY - 5 , 
. 7 R 0 B I. : WY: 4112; SST Ei, IQ 


25 find NM ambers i in  Subduplicate "Bl 


bad a Number which all be 10 2 45 10 Root * 270 
een to the Root of 120. | 
eta on te 120 n 65: Thea nene on 0 © g. 


b pc} ts 


: Ph 155 


ſtands 36 on p, for the anſwer. 
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PROBLEM IX 


To find Numbers in T riplicate Proportion 110 


As to fond a Number hich ſhall be to 100 as the Cube of 
36 5 to the Cube of _ 


Set 40 on 5 to 100 on E then a 36 0 on v o fands 
72˙9 on By for the anſwer. AA 9 


_ 


PROBLEM: We Es 85 A 
. find Numbers in Subtriplicate Proportion, 14 


4. 10 find a Number which. ſhall be to 40 as the, © Cale 


Root of 72˙9 is to the Cube Root of 100. 
Set 40 on Þ to 100 on E; then againſt 7249 on x 


4 


T* 


2 
To Compute Male Rabel ES: on 
As to find the Malt Buſhels in the Couch, Floor, or Ci ifterh, 
e wor Length is 230, Breadth 58: 5 
| and Depth inne e Tae 38 


Set 230 on B to 5 · 4 on un; then againſt 5 ee on ry 
ſtands 336 buſhels on , for the anſ wer. 


Note. The uſes of the other marks on the rule, will 
erer in the W EI 08, 72 den *. 
bw en n 7109 


or THE eule OR: DIAGONAL 0b. 


Lo a, 


| The diggadationdle 8 > ſquare reigning fall es; 
being commonly 4 feet long, and 138 together v4 


joints. This inſtrument is uſed both for gauging or 
meaſuring caſks, and computing their contents, and 

that from one dimenfion only, Weir the diagonal of 
the caſk, or NS 2 from the middle of the * | 


8 
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r nne 
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2 


inches, by their proper rule 


o Au GG A 0 


to the meeting of the head of the caſk with the ſtave op- 
pofite to the bung; and is the longeſt line that can 

drawn within.the caſk from the middle of the bung. 
And, acgordingly, on one face of the rule is a ſcale of 
inches for meaturing this diagonal ; to which are placed 


the areas, in ale gallons, of circles to the correſponding 
diameters; in like manner as the lines on the under A 


of the three ſlides in the ſliding rule. 
On the oppoſite face are two ſcales of ale and wine 


gallons, ex preſſing the contents of caſks having the cor- 


reſponding diagonals. And theſe are the lines which 

for. form the difference between this inſtrument and 
e ſiding rule; for all their other lines are the ſame, 

and to be uled | in'the ſame manner, h 


- it; > 


An „ 

The! rod 4 being applied within the caſk at the WOE 
hole, the diagonal was found to be 34 4 inches; re- 
ww the content in gallons. 

Now to 34*4 inches correſpond, on the rod, got ale 
Salons or 111 wine gallons ; the content required. 
Note. | The contents exhibited by the rod anſwer to 


the moſt common form of caſks, 121 1 0 in between che 
2d and 3d varieties ee 


* 1 8 8 'G ; : 


4 * Was AS. DIVIDED INTO VARIETIES. IT 
4 Iti It is uſual to Sade caſks into. four caſes'or varieties, 


| : nich are judged of from the greater or 20 apparent 


curvature of their fides, namely, 


- 1. The:middle fruſtum of a ſpheroid, 


2. The middle fruſtum of a parabolic ſpindle, 
3. The two equal fruſtums of a paraboloid, 


| ii 4. The tuo equal fruſtums of a cone. 


" And if content of an of, theſe be I EY! in 
ho 12 and this be divided by 


ab 23 or 21504, the quotient will be the con- 
teat 


* 
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tent i in ale gallons, or wine gallons, or wal: buſhels, re- 
ſpectively. Becauſe | 


282 eubic inches make 1 ale gillon | 7 
231 =- - - - - - -1 wine gallon TE 
2150'4 | - - - - - 1 malt bud. 
Or the particular rule Win for each as in the Gallows, 
mg 8 ; E 


NOB. L E M XII. 
To find the Content of a Cafe of the Pi Form. 


To the ſquare of the head diameter add double the 
ſquare of the bung diameter, and multiply the ſum by 
the length of the caſk, Then let the product 


be multiplied by "000g. « or divided by 1077 for ala 
' + gallons, 

and multiplied by *OO1 13.0 or divided by 882 for wine 
* 


EXAMPLE 8. 
1. Required the content of a ſpheroidal caſk, whoſe 


length is 40, and wand and deen diameters 32 and 24 
inches. 


- * 
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„ N f 
. | 1 
96 64 
48 1 | 
Fu— — — 
. 576 1024 
2048 . 104960. - . 104960 
376 do 980115 
| 20 _ 944649 é Ä 1164500 
| 40 20240. | = 34987 
. 2040 ale 970880 gallons 1139547 wine 
gs. 8 By 1 the gr Rule. 3 
1 "By | Haring ſt 49 on c to the ale gauge 32 a 
1 A again en bo. 
|| mT 24 —＋ 213 on . n 
| 32 on p ſtands 38.0 on c | | 
| bg the fame 38'0 | 
| — 1 „ e bum 97'3 0 ale gallons, 
| Add having ſet 40 en c to the wine gauge 5977 on v, 
. againſt | een, 
. 2434 on Þ ſtands 26˙1 on ce. 
232 on p ſtands 407 on 
the ſame 46˙5 
1 — 


ſum 119˙ wine gallons. | 


Ex. 2. quis the content 1 the ſpheroidal caſk, 
whole length is 20, and diameters 12 and 16 inches, 
$8 | 12*136 ale gallons 
| SET 14 * wine eilen, 
P R O- 
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. To 2 the Content of a a Caſt 2» the Sccond Form, . '7 


- To the ſquare of the head diameter add deubls the 
ſquare of the bung diameter, and from the ſum take 
or of the ſquare of the difference of the diameters ; 
then multiply the remainder by the length, and the pro- 
duct again by "00098 for als: Wes, or” by 00¹-¹5 for 
wine gallons. 


EX AMPLE 8. 


1. The length being 49). and diameters 24; and.” agr. re- 


e epi ogh (9314803 SY a7 
, . +. 543.4 $$77.2. $> ; © 4 8 


; 1 4 
- f * — * 
, * f I 344 7 [ 18 
* 1 "© 
* e 4 % 
4 11 8 
. ; 9 ® e 
. 1 101 ; OSS, 
P 4 * 
— . vor — 
. 32 — 1 Kl 


* # IT PEE >=} -* Toy : 
26240 103936 103936 


25 ˙6 F * 1 oo, + | „001 I ; 
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24: 
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64 2598˙4“ 9335424 1143296. 
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25*6 


Sorhe © 2 $984 5) 34045 


103036 ale 96: 1408gall. 117 04¹ wine 
8 — \ — 


By the Gauging "Rule... - Y 


. 


Having ſet 40 on c to 32.82 on, agaiuſt 8 on 5 


ſtands 2· 4 on ; the to of which. is 0:96, This taken 


from the 97˙3 in the laſt form, leaves * 3 ale gallons. 
N And 
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be 


Aud having fet 40 on c to 29*7 on p, againſt 8 on v 
ſtands 2 · 9 on c; the h of which is 1*16. This taken 


from the 119˙1 in the laſt form, leaves 117˙9 wine gal- 


lons. 


Ex. 2. Required the content when the length i is 20, 
* = erer 12 and 16. 1 


\ 


444 124018 ale 1 
te, l 324 wins gallons 


* 


| en TV. 
n ay 28 87017 NB 7 


Tel Content of 4 Caſh of = Third . 


To ee of the bung diameter add the ſquare 
of the head diameter; multiply the ſum by the length, 
and the product again by 18890 koß ale gallons, or by 


e gallons,. Lats 8H 
3 it 72 {3 * 4 2 


* 2 * 4 N E 6. 
1. Required the Sten 15 2 a en of the third 3 
when the ark is 30, and the diameters 24 and. Wwe 


1 1 
3 
I. n 165 1 15 
F* 1 80. ? 
S546 195-0; — 9 4 
14 a0 + 1 2 1 
FP 102 | | 
TIT” ED. ny” - 
2 1¹ wy ARR 7 dad 0) ee 4 1 
mw wer 35 
4 " IEF. 2 8 3b + . 64 js 1 8. 4 1 64 | 1 
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2 "Te ale 89˙6 as; 1088 wine 


edi Oc 40 r i — 
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By the Couple Rule. 


det to on e to 26+8 on D ; then againſt. - - 
24 on p ſtands.32'0 on c. 
32: on p ſtands 573 3 on 8 


e 06: ſum 893 3 ale ons. 


— 


And having ſet 40 on c to 24*25 on p; then againſt 
EN ION on b ſtands 39*1 on 
32 on Þ-ſtangs 69.8 on 


ſum 108˙9 wine . 


. 


Ex. 4. Required the content when the 1 2 20, 
and the diameters 12 and 16. | 


1152 ale N 


Anſwer { 13: 6 wine. .gallons.. 
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To find the e of a. Caſt of the Fourth' Form. 


Add the ſquare of the difference of the diameters to 

times the ſquare of their ſum; then multiply the ſum 
by the length, and the product again by 00023z for ale 
gallons or 1 *00028; for wine gallons. 


PX 4M FP LFS. 


1. Required the content when the length is 40, and 
the diameters 24 and 32 inches. 


— , — — 
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y 37880 3137880 
000237 000283 
11 3640 | 303040 
3 75760 
7570 be 12627 
9408 378880 * 85 8816 gl. 105 · 3267 wine 
"Is mmm” — 0 Er —— 
1 5 the Siding Rule. 


| Set gl on to 656 on ; den- 
go on p ſtands o 


56. on D ſtands 29*x on [5 
| * 201 0 ; 9 1 
41 * 1 0 814 


- 


fo 5 ale gallons. 


—— 


| Ange 40 vn c to > 59141 on D 5 then again 
| N : 8 on 1 ſtands 0˙7 ö 


. 19 eee 
F E 336 | 
V 2 


bum 107˙5 wer. | 
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EE | What is the Waden t of 4 conical 5 the 
h being 20, and the bung © mw diameters 16 


and 12 de 13 
c i tenth ale e 
Andver (13 * gallons. 
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PROBLEM I 
To find the Content of a Caſt by Four Dimenſions, 


Add together the ſquares. of the bung and head dia- 


meters, and the ſquare of double the diameter taken in 
the middle between the bung and head; then multiply 
the ſum by the length of the caſk, and the product again 


by '00043 for ale gallons, or by 00053 for wine gal- 


lons. 1 


E X AM P I. Es. 


1. Required the content of any caſk whoſe length is 
40, the bung diameter being 32, the head diameter 24, 
and the middle diameter between the bung and head 283 


inches. | 9 
F 
pe e. e ee 
2875 ff 
4025 . 
2875 — 
02 


4900-25. | YT . 


196250 196258 | A 
00043 dt ; 
18 2351380 
130833 130833 
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=o ale 91-5833 gallons 100 111-2083 wine 8 
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By the Sliding, Rule. 


a on to 4⁰⁰ on p; then againſt 
N e i 96D ſtands 10. 5 
32 on b ſtands 19.0 
51 on D ſtands 620" 
fu gr's; al gallons. | 


3 a — 


Set, 4⁰ on e to 420 on p; then ink 
= on b ſtands 13˙0 
on o ſtands 232 

37 on 5 ſtands 750 - 


— — 


ſum 111*2 wine e gallons. 


a 


Ex. a. What is thivcontent of a caſk whoſe length is Is: 
20, the bung diameter being 16, the head 4 1 12, 


and the * in the middle between them 142 


11*4479 ale gallons, 
ober 13 deu wine — 


rn * XVII.. pes 


To fag the Content of any Caſh from Three Dimenfoin only, 


Add into one ſum: 39 times the ſquare of the bung 
diameter, 25 times the ſquare of the head diameter, and. 
26 times the product of the two diameters ; then multi- 
ply the ſum by the length, and the product again by 
—.— for winegaliqns, or by [29334 . or. Woo r for: 

0 5 
ale gallons Te PIE 4 
LE EXAMPLES, 


* 


I. Remind the content of a caſk whoſe length i is 40, 8 


} ONO —— — 


32 


79 
1 
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„ Ä 145 0435 
"00034 2972160 


| o οο 
11888640 — 


89 16480 8916480 
| 379199 


54 


99 3 
1 2816 wine gal 91 ore ale eilen 


2 =y 


* 


4 gs 2. What > the content of a 2 whoſe. length 
is 20, and bung and bead diameters 16 and wa? 


1 11*4833- ale gallons, | 
0 i Nr 1 14*0352 wine gallons. 1 


Note: This is ihe moſt exact rule of any, for three 
ene 1825 ; way agrees nearly with the * 
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or 
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O F THE Haan 0 7 4K 5. 


=_ The ulla ago of 'a caſk, i is what it contains when only 
_ partly filled. And it is conſidered in two poſitions, 
N namely, as ſtanding on its end with the axis perpendi- 
ny cular to the horizon, or as lying on ans fide with the axis. 
yargile! to 2008 hongon. Is | 


PROBLEM XVIII. 


To ro fad the Ullage by the Sliding Rule. 


By one of the preceding problems find the whole con- 
tent of the caſæ. Then ſet the length on to 100 on 
| ss for a ſegment ſtanding, or ſet the bung diameter on 
NI to 100 on s1. for a-ſegment lying; then againſt the 
I wet inches on & is a number on $8 or SL, to be re- 
6 ee | 5 
| Next, ſet 100 on s to the reſerved number;on A; then 
| 
| 


- againſt the ain, content on x will; be found the ullage 
Aa. - 


4 4 7 


ES AMPLE 8 


+= Th Required the ullage anſwering to 10 wet inches. of 
* a ſtanding caſk, the whole content we which! 1s s 92 gal- 
bs, and length 40 inches. 
1 | ns ſet 40 on & to 100 on 88, TLTY NY 

\ againſt 10 on * is 23 on 88, the reſerved numb, | 
t| e a bes en x ro 23 on à, and ; 
| ; againſt 92 on-s is 21*2 on Ay the ullage acidic: 


% Ex. 2. What is the ullage of a ſtanding. caſk whoſe - 
If ; whe length is 20 inches, and content 115 gallons; the 


ver inches being 5.7 Anf. 2·65 gallons. 
ns oh 358 The content of a caſk being 92 gallons, and 

| | the bung diameter 32, required the allege f of the ſeg · 
| (ji . ment iy ing w n the wet inches are 8. 

me Anſ. 16:4 es. 
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PROBLEM XIX. 


To Ullage a Standing Caſk by the Pen. 

Add all together the ſquare of the diameter at the ſur- 
face of the liquor, the ſquare of the diameter of the 
neareſt end, and the ſquare of double the diameter taken 
in the middle between the other two; then multiply the 
ſum by the length between the ſurface and neareſt end, 
and the produd again by *0004+ for ale gallons, or by 

*o0053 for wine, gallons, in the leſs part of the caſk, 
whether empty or filled, 


O 4 


EXAMPLE, 


+ 


The three diameters being 24, 27, and 29 inches, re- 


£ 


quired the ullage for 10 wet inches. 


—— 
24 MCLE 7 15 
36. in 8086-2541 54 2916 
— — . — 841 
96 261 216 976 
48 cn - 270 — 
. + .. Om wi 62 4333 
A 2916 10 
5 | "$3330 1413330 
ooo 1 
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8 | 216650 
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8 ale 20'2205 gallons 24*5535 wine 
: he? PROBLEM xx. | 
5 To Ullage a Lying Caſk by the Pen. | 
: Divide the wet inches by the bung diameter; find - 
| the quotient in the column of verſed fines, in the table 

of circular ſegments at the end of the book, taking out its 


COT. 


— — — — in, —_— \ 
* — _ 
. 
\ — —— — — 
. —— I nee a eng 


= Sa 
— K 
5 £ 22 et - 
me 8 2 . cc 
— — T-. — —— . ] 
, 


EA 
” 7 - . 
: a * 


N "_ P - my 
an „ - * ay . 4 2 , - 2 — 
, V's — — 2 . * 1 "_ 1 * 
ba _ . — N 8 n : — 2 — 
3 — — — g — ” + . 
_—_ — wn gene eres — I —— — ——*2 — — 4 _ — * — 4 ——— 
* . 


22 


v 1 I 4 0 , &. 


correſponding ſegment. Then multiply this 8 
by the whole content of the caſæ, and the Product again 
by 15 for the "__ N — | 


« ® 


1 


EXAMPLES. 


eee the bong Sametes 32, and . 92 Ne. 
. gallons; to find the ullage for 8 wet inches. | 


* 


+. A p % 
\ 
* } 


* 


As * n 


s *** 
% 


"oe 2 g Xa 5, yy tab, TY is oe 


— 


1 


92 af : 


* 
„. 
ty 

1 

* 

= 


Fils 3553158. 
1} 2 705 7790 Anſwer. 


r N 


: 


oY | F # 7 
T H E ſpecific gravities of bodies, are their relative 
weights contained under the ſame given magnitude, 

as a cubic foot, or a cubic inch, c. 8 
The ſpecific gravities of ſeveral forts of matter are ex- 


preſſed by the numbers annexed to their names in the 
following table: - | 


A Table of the Specific Gravities of Bodies. 


Fine gold 19640 Brick * 2000 
Standarg gold 18888 Light earth 1984 
Quick-ſilyver 14000 Solid gun- powder 1745 
11 11325 Sand . 3530 * 
Fine filver 11091 Pitch 1150 
Standard filver 10535 Box-wood 1030 
Copper 9000 Sea-water 1030 
Gun metal 8784 Common water 1000 
Caſt bras Se Oak e 
Steel 7850 Gun-powder, ſhaken 922 
Iron e 800 
Caſt iron 17425 Maple 755 
1 7320 Elm 600 
Marble 2500 FFC | 550 
Common ſtone eig 22340 
DU ie Alt - Iz 


Note. "The ſeveral forts of wood are fuppoſed to be 
dry. Alfo, as a cubic foot of water weighs juſt 1000 
ounces avoirdupois, the numbers in this table expreſs, 
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not only the ſpeciſic gravities of the ſeveral bodies, but 
alſo the weight of a cubic foot of each, in avoifdupois 
ounces ; and thence, by proportion, the weight of any 
other quantity, or the quantity of any other weight, may 
be pars as in the following problems. 


| 2 PROBLEM Is 


7 0 find the Magnitude of any Body, from its Weight, 
As the tabular ſpecific gravity of the body, 
Is to its weight in avoirdupois ounces, 
So is one cubic foot, or 1728 cubic inches, 
To its content in feet, or inches, reſpectively. 
EXAMPLE s. 


uy Required the content of an irregular blockof c com- 
ANCE. weighs 1 cwt. or 1121b, 
TINT 7 
h = 


2 


8 5 | | 8 $1 1 
[27 1 2 1 Ls 2 
9 22310 "uf # 
1992 + ccubic inch. 5 
2520) 3096370 12281546 Anſwer. 
| 252 | Ee 
| * : 
þ 725 
$04 Fes 
6 OTE ET ITY 
ICAL 546 * 3615 201 6 _ 


» * ” 
* - 
- S—— A 


2530 : 1702 1 My nt 15 


AR 
. 
„ 


— ye 


— F. — e . 4 ear pf - 
— Pe. — AT — 4 — nr. 2 1 — a 
2 — 2 by >. 24 5. 8 3 n , 22 
* - 
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Aa 2. How many cubic inches. of gun- powder are 
there in 11b weight? Anſ. 3o cubic inches nearly. 
Ex. 3. How * cubic feet are there in a ton weight 
. )) e 


_ 8 2 ROBLEM 11. 


7 o find the Weight of a Body from its Magnitade, 


As one cubic foot, or 1728 cubic inches, 
Is to the content of the body, | 

. So is its tabular ſpecific gravity, 
To the in ofthe "_ 1285 


* Yr es | EXAMPLES. 


t. Required the weight of a block of marble, whoſe - 
length is 63 feet, and breadth and thickneſs each 12 
feet; being the dimenſions of one of the ſtones in the 
walls of Balbeck. 

63 
12 


756 
I2 
— 0 tons 
1: 9072 1 27% ! 683 7% 


* 


4 | 9 —.— | 8 Fo. 
112 1530900 lb e 
20 19058 eW-t 


Anſ. 6834. ton, en the burthen 40 
ada 0 bad fp. 


. 
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Ex. 2. What is the nen of 1 pint, ale meaſure, of 
gun-powder . Anſ. 19 02. 1 9 þ 

Ex. z. What is the weight of a block of dry oa 
which meaſures 10 feet in length, 3 feet broad, and be 
feet deep? Anl. 43355. 


PROBLEM Ill. 
"To find the eve Gravity of a Boch. : 
Cat 1. When the body is heavier than water, weigh 


it both in water and out o f water, and take the difference, 
which will be the weight loſt i in water. Then 


As the weight loſt in water, 
Is to the whole weight, 
So is the ſpecific gravity of water, 


your T0 my nr PA gravity of the . . 
Da kr aer 26: E x AM E275: 
A piece of ſtone weighed rolb, but! in Water r only 64b, 
OO its ſpecific gravity. _ | 5 
10 e 
8 


24-410: : 1000: 
or 13: 40 :: 1000: 3977 anſwer 


13) 40000 ( 2 
39 

| | 100 | 

8 91 


997372 $05 8: 
* 1 8 7 5 * , VR * & 
s & 1 rr Th i 4 15 C15 — 


tk 2, When the * is lighter 8 water, ſo 


de it will not quite ſink; affix to it a piece of another 
4 | body 
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body heavier than water, ſo that the maſs compounded 


of the two may fink together. Weigh the heavier body, | 


and the compound maſs, ſeparately, both in water and 
out of it; then find how much each loſes in water, by 
ſubtracting its weight in water from its weight in air; 
and ſubtract the leſs of theſe remainders from ch 0 
Thes ©4427" AD 33 | 
As this laſt remainder, _ . 

Is to the weight of the light body in air, 
So is the ſpecific gravity of water, 

To the ſpecific gravity of the body. 


53 Suppoſe a piece of elm weighs 15lb in air, and that a a 


piece of copper, which weighs 18lb in air and 16Ib in 
water, is affixed to it, and that the compound weighs $1b 
in water; required the ſpecific gravity of the elm. | 
Copper Compound | 
„ I 3 


16 in water 6 | 
le 


As 25 : 15 :: 1000: 600 anſ. 


PROBLEM IV. 


To find. the Quantities of Two Ingredients in a given 
1 fe Compound. . b 


Take the three differences of every pair of the three 


ſpecific gravities, namely, the ſpecific gravities of the 
compound and each ingredient; and multiply the differ- 


ence of every two ſpeciſie gravities by the third. Then, 


as the greateſt product is to the whole weight of the com- 
= : pound, 


e greater. 
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pound, ſo is each of the other n to the two weights 
of thi * 2e 1 th 


* 


EXAMPLE. 


A en of 1 121b being made of tin.and copper, 
whoſe ſpecific gravity is found to be 8784; 
quantity of each ingredient, the ſpecific gravity of tin be- 
ing 7320, and of copper 9900. ; 


. 1 FE. A. 
1 | * £5 
v3 10. 246851 


| 14757120) 147 $712000 ( 100 
Anſwer there is 100lb of copper 
and conſeq. . GLA a 


required the 


90 90 7 N 
1680 216 1464 diff. 
8784 Lr 
— 4320 PR 13176000 
£402320" 15612 DINE 5 
eo — + 
784 1581120 f 
1 — — __—— 112 
1: 13176000 2 100 copper 
85 1 g 112 — 
— — 1 i 
26352000 
| | 13176 
hap ces 13170 N 
| 


| er Pin d the compoſition, 


\ 


. e Re... 
WEIGHT any DIMENSIONS Fi 


BALLS and SHELLS 


» © 


N ood. « 1 
6e 000% %%% 9 0 


'- HE weight and dimenſions of balls and ſhells might ad 
1 be found from the problems laſt given concerning = 
ſpecific gravity. But they may be found ſtill eaſier by "ny 
means of the experimented weight of a ball of a given 
ſize, from the known proportien of fimilar figures, ; 
namely, as the cubes of hin Gamer,, og 


| PROBLE * „ 1 | 4 

EE | i 7 > | % ; | 1 

To find the Weight of an Iron Ball, from its Diameter. = 
An iron ball of 4 inches diameter weighs.glb, add IM 

the weights being as the cubes of the diameters, jt will - - 

be, as 64 (which is the cube of 4) is to 9, ſo is the cube 

of the diameter of any other ball, to its weight. Or 

take r of the cube of os diameter, for the 0. | 
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Or take 2 of the * of the * of that 
again, and add the two together, for the weight. 


EXAMPLE, 


1. The diameter of an iron ſhot being 6*7, required 
its in weight. f 1 


— "4 f ** 
| 


1 | Ex. 2, What is. the een of an iron ball whoſs 
diameter i is 5*54 mou? | „ And. . 


_ 


PR 0 B L E M AI. | | 
3 fad the 0 of 'a Leaden Ball. 


— 8 leaden ball of 41 inches diameter weighs 19tb; 
therefore as the cube i 44 to 17, or nearly as'g/ to 2, 
iz fo is the eube of the diameter of 15 leaden Dal, to its 


; = - * take 3 of of the cube of the came, for the weight, 


a: 
X- 


EXAMPLE 8. 


15 Required che weight of a leaden ball of 6-6 inches 
diameter. 


* 2 . 


% 9) 574992 
| Anl. 63˙888 * 


— — 


„ What! is the weight of a leaden ball of 5˙24 
inches diameter? Anſ. 1 nearly. 
PROB I. EM 111. 

To find the Diameter of an Iron Ball, 
Multiply the weight by 75, and the cube root of the 
FROG wail be the diameter. 7 
EXAMPLES. 
1. Required the diameter of a 421b 1 iron ball. 
9 | 42 


r 
— — 


N U—U—U— U . — — yt — 


IK 


. 
— cn ̃ — TI 


+ 

47 

1 

4 

; 

— 
7 
37) 

. 
0 
"= 

4 

tf 

4 
$114 
4 
14 

: 
76 
4 
i 

j 
(* 
$1 
i 

: 1 Bol 
þ 19 
WM 
Felt 150 

. 

: 1 
N 
15 + 11h 
. 70 
WES + 

4 
N 
Bit? 
3 
im 
7 
3 
4 
1000 

* 
Ml 

2 

N 


— — 
22 


— * 
= 


3 
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42 
75 | 
; ani TO 1: gh 3 | | : p — 
| | 4 666 


298-666 or + 


5 


The cube root 461 mis is eh 7. Suppoſe 7, w whole 
cube is 343- Then, by the 2d rule for the cube root at 


F page 44, proceed thus: E 
343 2983 
ES ; 


Or —9950 W 2821 22 = 6-685 Anf, 


en e 290 19747 ( 1 inches 
2 | | i | 4 * 217724 
. 
4 1772 
„ 255 d 
15 . 


38:4 . 


Ex. 2. . What the dename. 2% i iron ball ? 
Anſ. 5˙54 inches. 


„ ˙ 1 07 


© 2 
. 


nn n - a 


— 


PROBLEM IV. 
To find the Diameter of a Leaden Ball. 


oy the weight by / and divide the product by 
E; * the cube root of the n will be the dia- 


i | 'E Xx A * Li 0 

5 15 Required the diameter of a 6alb leaden ball. 
ag: i ; 
eee 


29 576 Lie 27] 
2288 | 


———ů—ů— 


The cube root of which! is almoſt A whoſe cbs is 34 3. 
Then 343. — Tg * 


686 . hy - 7 7 | ; 
2898 343 | 0 | | 
" _ Sh—_ j 
As 974 2? 2 11 0 4 Ong Anf, 
| IF | 
974 4 bars (6 60 5 inches 
2 
554 
g MAL 
— % 
92, E 2. What is th Jameter of an Sl leaden ball ? | 
] SG ws. xo Auf, 3-303 inches, 


* mY 5 | 02 „ P R o- 
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PROBLEM v. 
70 And tle Weight of an Tron Shell, 


Take & of the difference of the cubes of the enter nal 
and internal diameter, for the weight of the ſhel}. . 
That is, from the cube of the external diameter 3 
the cube of the internal diameter, multiply the reinain- 

der 79 9, and divide the product by 64. 


EXAMPLE 6. 


145 The outſide diameter of an iron ſhell heing 12.8, 
and the inſide diameter 9˙1 inches; A ite weight. 


„„ 2&0 


ET. 


497% 
— ͤ— 
82˙81 
ws Lb 


2 


f 8 


74529 


N & 
„ 


75 ai . 


12˙8 
— m 


1024 


530 x 


| — 
& 1763 84 
wa * I 2* 8 IE wn 


11 e: 


19660 


2097 182 


We 571 


4343 88 
9 


TY | 
6440 8) 12092˙2 29 


8) 


441.628 
Anſ. - 188-941 1b 


| Ex. 2. What rie the weight of an iron ſhell, whoſe eu- 
bernal YL internal diameters are 98 ang 7 inches? 


2 * 
: 8 


Anſ. 8441b. 
"> PRO» 
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* ; h oy "6 
PROBLEM VI, + 4 


To find how much Powder will filt a Shell. 


5 Divide the cube of the internal eee in inchex i 
| by * 73. for the lbs of D. | | | 


ZX AMES. - 


- How much powder will fill the 125 whoſe inter 
) nal mand is gf inches? 26. | e 


. 22 
— 8 1 4 
91 
819 * 
————— 8 
„ | ah 1 
9˙1 | | _— 
8281 | ; 5 
74529 


57˙3 ) p 4375 Sa 
7 
1805 
| I719 


« > 


* 
i 


| Bi, 2. How much PR: will fill the ſhell whoſe in- 
. ternal diameter is 7 ewes 2. : And. 6lb, 


F 3 | „„ 5 ORG Tn P R Os 


- 
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On e VII. 


Fo find haw much Powder wil fill a Rectangular Box. 


Find the content of the box in inches, by multiplying 


the length, breadth, and depth all together. | Then di- 
vide by 30 In the x pounds of FO. | 


EXAM Þ & E's. 


1. Required the quantity of powder that will fill a box, 
the length being 15 inches, the breadth 12, and the 


| W 10 inches, 


48 
"2. 1% 
4 — * 
a 
55 


8 
Anf. 60 60 lb. 


Fx. 2. How Ie powder ni fill a 8 box 
W 12 inebes? 9 855 = Ani. 571 bb. 


| 47S 7 
, f 14 


go 
PROBLEM, VIII. 


'To find how much Powder avill fill a Cylinder. 


Multiply the ſquare of the diameter by the length, 
chen divide 1 38-2 for the yon of powder. 


# 


E X 4 M L E 8. 


ae" How. ach powder will the cylinder bold whoſe 
(TEE is 10 inches, and length 20 inches? 


* f w 


AND $4 E L I S. 


a 10 14 1 
10 

100 
20 


2 


1910 


15 
38'2 ) 2000 Mi nearly 


Ex. 2, How 3 powder can be contained in the 
tylinder, whoſe diameter is 4 inches, and length 12 


inches ? 


PROBLEM ix. 


- 


Anf. 5 1 Fr lb. 


-To find the Sine * 4 Shell to. contain 2 given Weight of | 


Powder, 


Multiply the pounds of powder by 57. I, Fay the cube 
root of * will be the diameter in inches. 


EXAMPLES. 


1: What. is the diameter of a ſhell that will hold | 


1341b of powder? 


57'S / 
133 

i 1719 
573 


— — 


15445 | 


Os 


— . ——— —U—6ͤ— 
— — — 5 Rp —_ 
—5 e L . 5 S — 


298 en An 


The cube root of this is nearly 9, whoſe cube is 729. 


Then 5 
1 | tte 
agen * 188 POE 
754445 7% 
As es : TOW ©» : 9*r Anf. 
22 248) 2014,10 (Gr 1 inches 
wage 5 


971 - it IQYENGS 75, 23 
$7 eee ere 


* 
„„ 77 N 
„tt $125 ; — 


. What is the diameter of a fhiell to contain n 61h 


b power ? | . Aut. 7 . 
N n e 8. e ii 
Aut I 3:3 55 
> $4 | 2RoOBLEM N. . 


0 ad the . of a Cldical Box 40 contain a + ah Weight 
men, e , Powder.) nt? 


Multiply the weight in pounds gs 30, and the cube 
rcot of the product will de the fide of the box in inches. 


EXAMPLES. 


*. Required the le of « cubical box to hold gold of 
in Hi | 


- . 

7 * = ; 
4 1 * 3 50 
n : ' # * 2 J F 

© % T * - 


AND S8 HE L L.S, 


50 
39 
The cube root of 1500 is 11 nearly, whoſe cube is 1331. 
Then 1331 1500 | | 
„„ a 
2662 3000 
1500 1331 


As 4162 : 4331 :: 11 : 11˙44 Anſ. 


4762) 47641 ( 11:44 inches 
** 45782 | N 
185 
1685 


194 


- Ex. 2. Required the ſize of a cubical box to hold 
4oolb of gun- powder. Anſ. 22*89 inches. 


PROBLEM XI. OR Os 


To find what Length of a Cylinder will be filled by a given 
Weight of Gun-powder. 15 


Multiply the weight in pounds by 38 · 2, and divide tbe 


8 by the ſquare of the diameter in inches, for the 
lengtn. | 


| EXAMPLE $ 

1. What length of a 36 pounder gun, of 63 inches 
diameter, will be filled with 121b of powder? 
o 


Wy 


— — — 


we aero ts 


or BALL s, Ne. 


67 = 7 382 
its iq. — 480 Dp \ 
| . 
. 
400) 41256 
Anf. 10·314 inches | 


Ex, 2. What length-of a cylinder of 8 inches diameter 
may be filled with 2olb of powder? Anf. 1335» 
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RON balls and fliells are commonly piled, by hori- 
zontal courſes, either in a e wedge- like 
form; the baſe being either an equilateral triangle, a 
ſquare, or a rectangle. In the triangle and ſquare, the if 
e will finith in a ſingle ball; but in the rectangle, it 2 
will finiſh in a ſingle row of balls, like an edge. 4 
In triangular and ſquare piles, the number of hori- 
zontal rows, or courſes, is always equal to the number 
of balls in one ſide of the bottom row. And in rectan- 
gular piles, the number of rows is equal to the number 
of balls in the breadth of the bottom row. Alfo the 
number in the top row, or edge, is one more than the 
difference between the length and breadth of the bottom 


" * 


1 PROBLEM 1. | 
To. find the number of Balls in a Triangular Pile. 

. Multiply continually together the number on one fide 

of the bottom row, that number increaſed by 1, 8 ; 


_ PILING or 


-the ſame number increaſed by 2; and g of the laſt pro. 
duct will be the anſwer, 


E * A M P L E So 


"Ba Required the number of balls in a triangular pile, 
each hs of the baſe containinge30 balls, 


{ > 32 
| | 1 3 : 


32 
* 
992 


38 


: 6 ) 3 
An. bra] 


| Ex. 2. How many balls are in 5 eiangular XY 
| each 4 of the baſs, ee 20 f 9 7 Ant. 15 40. 


was] 


ninth 25 8 1 11. 
fu Number of Balk in Square Pile. 


Aber continually together the number in one fi de 

| of the bottom courſe, that number increafed by 1, and 
double the ſame number increaſed by 1; then Z of the 
laſt e will be the anſwer. Ry 


EXAMPLES. 


1. . Hoy: many balls are in a ſquare pl of 39 rows ? 
| 135 7 | Th: NS Bret 1% 61 


BALLS AND. 


SHELLS  -Jo0g 


% 


. How many balls are in a ſquare pile of 20 


rows ? 


Anſ. 25888 


PROBLEM II. 


Ts find the Number of Balls in a Reclangular Pile. 


From 3 times the number in the length of the baſe 
row, ſubtract one leſs than the breadth of the ſame, 
multiply the remainder by the faid breadth, and the pro- 
duct by one more than the ſame ; and divide by 6 for 


the anſwer, 


EXAMPLE 8. 


105 Becel the number of balls in a dana vile, 


5. 22 and Gene gs baſe row e we and 15. 


— 


„ iy 
__ EY 


+539 
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K. How many ſhot are in a redlangular complete | 
ile, the length of the bottom courſe being 59, and its 
readth 20 55 Anf. 11060. 


: PROBLEM Iv. 


| I To find the Number of Balls in an Incomplete Þ Pile. 


From the number in the whole pile, conſidered as 
| complete, ſubtract the number in the upper pile which 
is wanting at the top, both computed by the rule for 

their proper form; and the remamder will be the num- 
ber i in the fruſtum, or incomplete pile. 


. EXAMPLES. 


1. ro find the number of ſhot in the incomplete tri- 
angular pile, one ſide of the bottom courſe _ 40, and 
the op courſe 20, 


19 
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20 ＋¹ 
380 1640 
21 8 42 
380 3280 
"p69 6560 

7980 68880 
ot. 7980. 
> ) 60900 

10150 Anſ. 


Ex. 2. How many ſhot are in the Inddmglet trians 
hoy pile, the ſide of the baſe being 24, and of the 
top 8? Anl. 2516. 

Ex. 3. How many balls are in the incomplete ſquare 


pile, the fide of the baſe being 24, and of the "wy * 


4 
Ex. 4. How many ſhot are in the incomplete e mg 


e courſes, the length and breadth of the 


Li 


ws nee 20 * * 2 i CE 


8 
— _ * 
122 * ** *. * 
„ — * — n. 


N 1 ren 8 
rern 


Gb FS 


f 


— 


. N41 2 N - 
F 
£ ** 2 en . 1 - 
# ) a Þ . 
* | - " ; | 84 ; ö a f ; ; 
— * 4 : Y SY — N * + ks q * 
i 1 . 81 f N ? - ; 
8 i, . . : 4 / 
. \ F 8 11. 1 f * BY 2 . # ; 
&. . oy « . 1 : ; 
w : Fa: n 
= * 
e $ 3 


* "Jane 8 7 ? 1 4 g 1 7 , 4 

'B $ ; WE | * 1 FF 4 4 4 1 « 1 
8. 44 &# Fa A 5 4 * LADIES $+ 34 174 £1 r 7 
N — 4 5 c © : : 


* 9 — F *. 2 
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JD Y various experiments it has been found that ſound 
D flies, through the air, uniformly. at the rate of 
© about 1142 feet in 1 ſecond of time, or a mile in 43 ſe» 
conds. And therefore, by proportion, any diſtance may 
be found correſponding to any given time; namely, 
multiply the given time in ſeconds, by 1142, for the 
correiponding diſtance in feet; or take f of the given 
time for the diſtance in miles. 9 


Note. The time for the paſſage of ſound in the in- 
terval between ſeeing the flaſh of a gun, or lightning, 
and hearing the report, may be obſerved by a watch, 
or a ſmall pendulum. Or it may be obſerved by the 
beats of the pulſe in the wriſt, counting, on an average, 
about 70 to a minute in perſons in moderate health, or 
_ $4 pulfations to a mile, and more or leſs according to 

circumſtances, 1 


* Pe : E x- 


tance to be 8 n in knight line? 


tree with an axe, 
paſſed between ſeeing him ſtrike and 


5 Ow = « Fr, we __ 


ing 70 pulſes to a minute? 
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EXAMPLES. 


1. After obſerving a flaſh of lightning, it was 12 fe- 
conds before I heard the thunder; required the diſtance 


of the cloud from whence 1 it came. 


. OY 


12 
3 


14) 36 ( 2+ miles, the le, 


Ex, 2, How long, after firing the Tower guns, "al 
the report be heard at Shooter” 1 Hl Aer hits the 


— 


; 8 ; 
. 4 - wud a. 
- «nd 
— 1-4 
* 


| Auf, 374 b. | has 


— 


10 ls 3 After obſerviog the firing of a large cannon, at 
A diſtance, it was 7 ſeconds before I heard the report; 
what was its diſtance ? __ Anſ. 11 mile 
Ex. 4. e a man at a diſtance hewing down a 
remarked that. 9 8] my pulſations 

earing the report 

of the blow ; what was the diſtance between us, allow- 


Anf. 1 mile and 198 yards. 

Ex. 5. How far off was the cloud from which thun- 
der iſſued, whoſe report was 5 pulſations after the flaſh 
of lighting ren 75 to a minute? 


* 1523 yards. 


VV 


_ MIS CE LLANEOUS QUESTIONS. 


Qs. 1.0 „Har difference is there between a floor 
[28 28 feet long by 20 broad, and two others 
each of half the dimenſions ; and what do all three come 
to at 458 per 100 ſquare feet? 

Anſ. dif.. 280 iq. feet. Amount 18 guineas. 

2. An elm plank is 14 feet 3 inches long, and I would 
have e a 8 uare yard lit off i its at what diſtance from 
the ed the line be ſtruek * Anſ. 7 inches. 

3 . contains 114 yards 6 feet of plaſtering, 
a the room 28 feet broad; hat was the length of | it? 


©; 4; A'common' joift is 5 inches deep, te eg 
but T want a ſcanthng j 2 big again, that ſhall be z 
- inches thick; what will. the other dimenſion be? 


IS Anſ. 115 . 
k 85 9888 trough coſt me 3s ad painting within, 
'at 6d per yard; the len of it was 102 inches, and 
the depth 21 inches; what was the width? 


Anſ. 24 inches. 

6. If my court yard be 47 feet ꝙ inches ſquare, and 

1 have laid a foot- path win - Purbeck ſtone, of 4 fect 

wide, along one ade of it; what will paving the relt 
_ flints come to at 6d per ſquare b 

Anſ. £5 16 oz. 


7. A ladder, 40 feet long, may be fo planted, that it 
mall reach a window 33 feet from the ground on one 
fide of the ſtreet; and, by only turning it over, with- 

' Roe * _ foot out of its place, it will * the 
ame 


TE 


ſhorter edge ; I woul 
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Same by a window 21 feet high on the other fide : what 
is the breadth of the ſtreet? Anſ. 56 feet 45 inches. 
8. The paving of a triangular court, at 18d per foot, 


came to 100l; the longeſt of the three ſides was 88 feet; 


required the ſum of the ether two equal ſides. 


: ES 3 106'$c feet. 
9. There are two columns in the ruins of Perſepolis 


left ſtanding upright: the one is 64 feet above the plain, 
and the other 50: in a ſtraight line between theſe ſtands 


an ancient ſmall ſtatue, the head of which is 97 feet from 
the ſummit of the higher, and 86 feet from the top of 


the lower column, the baſe of which meaſures juſt 76 
feet to the center-of the figure's baſe. Required the diſ- 
tance between the tops of the two columns. 


Anſ. 1 57 feet nearly. 


10. The perambulator, or ſurveying wheel, is ſo 


contrived, as to turn juſt twice in the length of a pole, 
or 164 feet; required the diameter. Anſ. 2:626 feet. 


11. In turning a one-horſe chaiſe within a ring of a 


certain diameter, it was obſerved that the outer wheel 


made two turns while the inner made but one: the wheels 


were both 4 feet high; and, ſuppoſing them fixed at 


the ſtatutable diſtance of 5 feet aſunder on the axle-tree, 
what was the circumference of the track deſcribed by the 
outer wheel? | L Anſ. 63 feet nearly. 
12. What is the fide of that equilateral triangle whoſ 
area coſt as much paving at 8d a foot, as the palliſading 
the three ſides did at a guinea a yard? 55 
„55 9 2 Anf. 725746 feet. 
Iz. In the trapezium Aßcp are given AB = 13, 
RBC = 3155 CD ==. 24s and Da = 18, allo 8 a 39 8 


angle; required the area. Anf. 40122. 


14. A roof, which is 24 feet 8 inches by 14 feet 6 


inches, is to be covered with lead at 8IÞ to the ſquare 
foot: what will it came to at 188 per cwt ? 1 
3 ' x” Anſ. £ 22 19 105. 


15. Having a rectangular marble ſlab, 58 inches by 


27 L would have a ſquare foot cut off parallel to the 
then have the like quantity = I 
as | 
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vided foie the remainder. parallel to the longer fide ; 
and this alternately repeated, till there ſhall not be the 
uantity of a foot left: what will be the dimenſions of 
| the remaining piece Anſ. 2057 inches by 6 * 
16. Given two fides of an obtuſe-angled triangle, 
which are 20 and 40 poles ; required the third fide that 
the triangle may ©: contain juſt an acre of land. | 
5 Anf. 58:856 or 23 099. 
17. The end wall of a houſe is 24 feet 6 inches in 
| breadth, and 340 feet to the eaves; 3 of which is 2 bricks 
thick, f more is 11 brick thick, and the reſt 1 brick 
thick. Nom the triangular gable riſes 38 courſes of 
bricks, 4 of which uſually make a foot in depth, and 


|  _this is but 41 inches, or half a brick thick: what will 


this Piece of * dome to at gl 10s per ſtatute rod? 
I Auſ. C 20 3 72. 

18. If denn a abe an led triangle, whoſe baſe. is 
12, and perpendicular 16 feet, a line be drawn parallel 


to the perpendicular cutting off a triangle whoſe area is 


24 ſquare feet; ren the ſides of this triangle. 

Anſ. 6, 8, and 10. 
19. The ellipſe in Grofvenor-fquare meaſures 840 
links Eo the longeſt way, and 612 the ſhorteſt, within 
the rails: now the walls being 14 inches thick, what 
. 1 do . ineloſe, and what do they ſtand * A 


Re peat cf , 5 
{ 1 5 "Ai f 1. 1760, iq feet. 


20. Ik a round pillar, 7 inches over, has 4 feet of 
ſtone in it; of what diameter is the column, of equal 
length, that contains 10 times as much?! * 

Anf. 22136 inches. 
21. A circular fiſh- So is to be made in a garden, 
that ſhall take u alf an acre; what muſt be the 

Wann of the gore that irikes the cirele 
; Anſ, 274 yards. 
wc.” When à roof is of a true pitch, the rafters are 3. 

of . breadth of the tailing now ſuppoſing the 


| eayes-boards to project 10 — on a ſide, what will 
+ = 200. 


* 


3 


— 
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the new ripping a houſe coſt, that meaſures 32 feet 

inches long, by 22 feet 9 inches broad on the flat, at 

155 per M,“! . £8:15 9 
23. A cable which is 3 feet long, and 9g inches in com- 


paſs, weighs 22 lb: what will a fathom of that cable | 
weigh, which meaſures a foot about ? Anſ. 78 lb. I 
24. My plumber has put 28 lb per ſquare foot into a = 
ciſtern 74 inches and twice the thickneſs of the lead long, | 
26 inches broad, and 40 deep; he has alſo put 3 ſtays i 
acroſs it within, 16 inches deep, of the ſame ſtren 1 
and reckons 228 per ct, for work and materials. I, i 
being a maſon, have paved him a workſhop, 22 feet 10 {i 
inches broad, with Purbeck ſtone, at d per foot; and i 
upon the balance I find there is 3s 6d due to him. What =_ 
was the length of the workſhop? ß if 
eien, Anſ. 3 f 04 inches. | 
25. The diſtance of the centers of two circles, whoſe ll 
1 diameters are each 50, being given equal to 30; what 
| is the area of the ſpace incloſed by their circumfer- 1 
ende#? +33 4.. o7, Anf. ;559'119. if 
; 206. If 20 feet of iron railing weigh half a ton when 1 
) the bars are an inch and quarter ſquare, what will 50 | 
feet come to at 34d per Ib, the bars being but + of an if 
; inch ſquare ? n x Anſ. £20 0 2. i 
. 27. The area of an equilateral triangle, whoſe baſe . | 
falls on the diameter, and its vertex in the middle of the il 
arc of a ſemicirele, is equal to 100: what is the diame- l 
ter of the ſemicircle? Anf. 26˙32 148. j 
F 28. It is required to find the thickneſs of the lead in l 
1 a pipe of an inch and quarter bore, which weighs 14 lb = 
| per yard in length; the cubic foot of lead weighing il 
11325 ounces. Anſ. 20737 inches, 
y 29. Suppoſing the expence of paving a ſemicircular | 
: plot, at 28 4d per foot, come to 101, what is the diame- i 
4 F 1 
5 30. What is the length of a chord which cuts off 4 of i 
; | the area from a circle whoſe diameters 289 ? | 


h 
111 2 * eee eee 


. 


. A IF ED ORIEL try 9g K mg a 
— 


| 
| 
| 


& will be the expence ? 


58 ſquares but he wants to pull it downs and build a new 
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0745 My plumber has — dis, and his 
burnt, he has no means of bringing in 


5 = 
= pom ug and I do not chooſe to take it dewn to have 


it weighed; but by meaſure he finds it contains 64.3, 
ſquare feet, — that it is preciſely 3; of an inch in thick- 
neſs. Lead was then wrought at 211 per fother of 
194 ct. It is required from theſe: items to make out 
the bill, allowing 65 oz for the weight of a cubic inch 
of lead, Anl. £4 Il 2, 
. "What will the diameter of a globe be, when the 
ſolidity and ſuperficial content are expreſſed by the ſame 
number? , ; TY Anſ. 6 6, f 
33. A ſack, that would hold 3 buſhels of corn, is 224 
ine es broad when empty; what will that ſack contain 
which, being of the ſame length, has twice its breadth 
vr circumference ?. Anſ. 12 buſhels. 
4. A carpenter is to put an outen curb to 'a round 
wel at Bd pe r ul, ſquare : the breadth of the curb is 
be 72 nabe and the diameter within Sh fot what 
; nſ. zs 24d. 
Zh. A gentleman has a garden 16d feat; long, and 80 
feet broad 3 and a gravel Walk is to be made of an equal 


4 


width half found: it : what muſt the breadth of the walk 
8 16 take up Pu half the grown | ? 


%. 8 1? An. 254968 feet. 
A 'may-pole whoſe top, being broken off by a 


" 1 of wind, ſtruck the ground at 15 feet diſtance from 


foot of the pole; what was the height of the whole 
ryay-pole, ea . of the broken piece to be 
39 feet? 5 | An. 75 feet. 
37. Seven men bought a grinding © of bo . 


diameter, each paying 5 part of the nce; what 
Part of the diameter muſt each grind down r bis ſhare? 


Anſ. the < 4 4808, 2d 48400, d I 37 
1 &o765, 5th 7.2070, 6th 93935, f 22* 


- A malifter has à kiln that is 16 feet 6 inches 


One 


the arc arenen 
Ga The diameter of a ſtandard corn bufftel f is 185 | 


128 per ſolid foot; the diameter of the greater end being 
4 feet, that of the efs end 1x, and the length of the ſlant 
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one that may dry three times as much at once as the od 

one; what mult be Ws won. at of i its fide? | | 

1 Anſ. 28 97 * 

te How many 3 inch cubes ray be cut out a 12 

Anſt 64. 

40. low long muſt be che tether of a borſe that will 
allow to graze, quite around, juſt an acre of ound ? 

Anf. 39+ yards. 

41. What will the painting of a conical ſpire come to 

at 8d per yard; —— the height to be 118 et,” wu 

the bale 64 feet df . 
Anſ. 7 14 0 84 


Hckes, and its depth 8 inches; what muſt the diameter 
of that buſhel be whoſe depth is 74 inches? 


43. Suppoſe the ball on the top of St. Paul's church 
is 6 feet in diameter ; what did the gilding of it coſt at 
32d per ſquare inch) | Anſ. C 237 10 1 

44. What will a fruſtum of a marble cone come to at 


fide feet? Anſ. £ 30 1 104 
45. To divide a cone into three equal parts by ſec- 
tions parallel to the. baſe, and to find the e of 


the three parts, the height of the 7 cone un 20 


inches. N 2 K TR 
per port 1 7 
tube middle part ,3*604 
| the lower part 2528 
46. A centleman has a bowling-green, zoo feet long, 


and 200 feet broad, which he would' raiſe 1'foot higher, 


by means of the earth to be dug out of a ditch that 


round it: to what depth muſt the ditch be dug, e | 


ing its breadth to be every where 8 feet? 172 


Anf. 724 feet, ä 


47 How high above the earth miſt a p on be raiſed, 
bat he may ſee 7 of its ſurface * 2 2 


Anſ. to the 1 8 of the earth's + dameter, 


48, A 


. 


Anſ. 19 1065. 
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48. A cubic foot of braſs is to be drawn into a wire 
of zw of an inch in diameter; what will the length of 
n e. allowing no loſs in the ww = 5 Þ 
- 1 : 1Anſ. 97784797 yards, or 55 miles 984797 yards. 
19, Of what diameter muſt : 4 bore of a cannon be, 


which is caſt for a ball of 24 1b weight, ſo that the dia- 


meter of the bore may be 4 of an inch more than that 
of the hall? $1 Anſ. 5*757 inches. 
0. Suppoſing the diameter of an iron 9 Ib ball to be 
4. inches, as it is very i it is required to find the 

eral balls weighing 1, 2, 3, 4, 6, 
12, 18, 24, 36, and 42 lb, and the caliber of their guns, 


* 


Allowing Fs of the caliber, or 25 of the ball's diameter, 


tor windage, eee | 
3 N 5 3 2 * T 
, ; * 4 ; 7 4 8 ST! A — 4 , F : | 8 4 © 4 5 
1 Anſwer. 2 f 
r ; 


| N ball gun 5 
I | 19230 | 19622 | | __ 
| -2 | 24228 | 2*a723 | - 
4.3 4. 2*7734. | 2*38301 ee 
wn. 3:0526 3.11494 
3˙49433˙5656%%/// 
.| 444026 | 449244 
A £*0397 5˙1425 19 


41884 Len 5 4 
1 i a 915 . 92255 BL... 
RE A 


OS 


7 8 


eee 


3 Fe "3 43 
DYE 1; 17 — * 
4561. Su 


8 


0 de z f the caliber, and the diameter of the hollow 


part of the ſhell to be h of the caliber of the mortar: 
1e required to determine the diameter and weight of 
the ſhell, and the quantity or weight of powder requiſite 
fill it, for each of the ſeveral ſorts of mortars, namely, 


the 13, 10, 8, 5˙8, and 46 inch mortar. F 


* 
We 74 5 I : SE" 
5 : ; . * 
1 r 13 | ar ti < ere 
My —_— * : : 
. - ö 
1 ; 
* 
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„ Anſwer. | 3 of: 
Talib. | Diameter | We. hell f Wi of | Wr.hell | 
mort. ſhell. empty | powder filled 
450 | 4'523 | $*320 |- 583 8.903 
g's 5703 16*677 | 1168 | 17345 | 

15 7˙867 43˙764 | 3055 46829 

io . | 9833 | 85-476 | 5986 91402 

| 13. I . 12*783 | 1S7*791 | 13181 200˙942 


52. How many ſhot are in a complete ſquare pile, each 


fide of the baſe containing 297 


\ 


% 


Anſ. 8856. 


53. How many ſhot are in a complete oblong pile, 


the length of the baſe containing 49, and the breadth 


19? 


of the baſe being 50 


Anſ. 8150. 


54. How many ſhot are in a triangular pile, each fide 


Anſ. 22100. 


55. How many ſhot are in an unfiniſhed triangular 


pile, the fide of the bottom being 50, and t 


op 20? | 
Anſ. 20770. 


56. How many ſhot are in an unfiniſhed oblong pile, 
having the corner row 12, and the fides of the top 40 
| Anf. 8606. 

57. If a heavy ſphere, whoſe diameter is 4 inches, be 


and 10? | 


is 5, and altitude 6 inches; it is required 
how much water will run over. 
Anf. 26272 cubic. inches, or near 35 parts of a pint. 
58. The dimenſions of the ſphere and cone being the 


let fall into a conical glaſs, full of water, whoſe diameter 


to determine- 


| ſame as in the laſt queſtion, and the cone only = full of 


water; required what part of the axis of the ſphere is 


immerſed in the water. 


Anſ. *546 parts of an inch. 


50. The cone being {till the ſame, and T full of water; 


covered by the water. 


60. If I fee the flaſh of a cannon, fi 


required the diameter of a ſphere which ſhall be juſt all 
Anf. 2:4459906.- 
red by a ſhip in 


diſtreſs at ſea, and hear the report 33 ſeconds after, how 


61. Being 


far is ſhe off ? 
e P 2 
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61. Being one day ordered to obſerve how far a bat- 
tery of cannon was from me, I counted by my watch 17 
ſeconds between the time of ſeeing the flaſh and hearing 
the report; how far was the battery from me? 
„ Wes Anf. 3+ miles, 
62. An irregular piece of lead ore weighs in air 12 
onnces, but in water only 7; and another fragment 
weighs in air 144 ounces, but in water only 9; re- 
quired their comparative denſities. 8 kg 
Mapp 5 7. TIN. oe ³ NNERLAa4T 0 132. 
53. Suppoſing the cubic inch of common glaſs weigh 
1:35 ounces troy, the ſame of ſalt water +5427, and of 
_ brandy *48926; then a ſeaman having a gallon of that 
liquor in a glaſs bottle, which weighs 33 Ib troy out of 
water, and to conceal it from the officers of the cuſtoms, 
throws it overboard. . It is required to determine, if it 
will fink, how much force will juſt buoy it up. 
„ |  _- Anf. 128968 oz, 
64. Suppoſe by meaſurement it be found that a man 
of war, with its 3 ing and appointments, 
draws ſo much water as to di — 50000 cubic feet of 
mater; required the weight of the veſſel. 
. Anf. 1395 tons. 
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"AREAS of the SEGMENTS of a CIRCLE, - 


Whoſe Diameter is Unity, and ſuppoſed. to' be divided | 


into 1000 £446) Parts, 


SA. 1 and 4 


Height | Area Seg. Height Area Seg —8— A Sep. ö 
00 | *000042 || 027 | '005867 || 53 016007 
| -o02 | *000119 || 028 | 006194 || 054016457 
'003 | 000219 || 029. 2 055 016911 
004. *000337 || 00 '006865 || 56 19 69 | 
'O05 | 0004750. |} *031 | *007209 || 057 7831 | 
'006 | *000618. || '032 007558 58 Bitz 96 |: 
007 | *000779- || 033 | 007913 || 7959, 018766 1 
008 *, 050951 og4 co82)3 060 019239 
oo 00135. 035008638061 019716 
| 'Ofo | «001329 036 oe 62020196 
| | -ot1 | -001533,|| 037 | 09383 063020680 
012 | 001745 ||-038:] -009763 || 064021 168 i 
013. -ooIghF' || 1039 10148065 021659 |? 
| *©14. | -o0e2199 oo 010537 || 56 022154 
'O15 | -002438 || or -010931 || +367 | 022652 | 
016 [02685 42011330 068 P23154 5 
O17 | 002940 ||*043 | *011734 || 06g | 023659 
018 | :003202 ||-044 | 012142. || 050 | 024168 |. 
019 003471 ,||*045 | 012554 || 071, | 1024480 | | 
020 | *003748 ||-045 | -012971- % 29% 
21 | *004031 |[*247 | 013392 || :073 | ©2574 || 
022004322 048013818 || 074 | :026236 I 
023 | 004618 049 014247, || O75 2676 
*024 | *004921 ||*050 | *914681 || 076 | 027289 |. 
025 | *005230-||*O5t | OL5LE9 [| 4077. | 0258215" 

| 2026 005540 052 \ 078 028356 | | 


— — CR rage er > 


THE AREAS or THE 


Height — Sg. Height 
1028894114 » 049528 i! 149073161 
029435 [115 *050165 || *150 | 1073574 
'029979 || *116 | *050804. || 'I51. 07458 
| 2030520 |] *117 | 051446 ||. *152 | -075306 | 
031076 || +118 | *0o52090 || *153 | -076026 
1 931929. '119 | *052736 154 7 
ies 11 "220 | e Ty 
32745 [121054036 [156 78024 
033307 122 054689 [15 878 921 

| :033872 || '123 | 055345 || *158 1079649 | 
34441 [124 *056003 || * 159 -080380 
| 035011 125056663 +160 081112 
*035585 || +126 | *057326 [1617 081846 
036162 | 82 057991 || :162 | 082582 
036741 [128058658163 083320 
4037323 [129 559327 16484059 
*037909 || *130.| ©59999 165 084801 
0384950 [131060672 [166085544 
„039087 [132 061348 [167086289 
039680 133062026 168087036 | 
0402 6 *134 | 062707 169 087785 
| 049875 135 | 053389 || 17088535 
041476 || -136 | 064074 || -171 | 089287 
| 042080 11137 . 064760 [172 [090041 
042687 [138065449173 *090797 | 
| :043296 || +139 | 66140 174991554 
{| 043908 140 066833 -175 92313 
2044522 || '141 | 067528 || +176 993074 
045139 142 68225 17% 093836 
945789 14368924178 | 094601 
og. 46381 [144069625 || *179 | 095366 
$0.4 047095 [| -145 | 070328 || +180 6961344 
1 ez: 14601033 [81 096903 
048262 228 071741 182 A 
48894 |? 10 107200, 


[ ** Seß. ö 


pen Seg. 1 


5 


SEGMENTS OF A cIANe LE. 


Height! Area Seg, | Heignt Area Seg, | Height | Area Seg. | 
'184 | *099221 [219 pee 1254157019 
14185 099997 [ 220 128113 [255 [157890 
186100774 [221128942 [256 158762 
by 101553 222 | 129773 || 257 | 159636 
188102334223 *130605 || *258 | *I60510 
*189 |*103110 || *224 | 5131438 || *259 | "161386 
190 103900 225 132272 || *260 | 162263 
'191 | *104685 || '226 | 1133108 || *261 | *163140 
192105472 [ 227133945 || 262164019 
193106261 || *228 [134784263 164899 
194 | *107051 [229135624 264165780 
196 [107842 230136465 [26 4 ? 
196108636 [231137307 [26616754 
197 109430 232138150 [267 4 2 — 
*198 | *r10226 233138995 268 [169315 
199111024234 139841 *269 | 170202 
200 [111823 [235 140688270 | 171089 
201112624236 141537 [27/1 [171978 
202 113426 [237 142387 272 172867 
203114230 [238143238 |*273 173758 
204115035 239 144091 274174649 
205115842 240 144944 275 | 175542 
206116650 241145799 276176435 
1207 117460 242146655 || 277 177330 
1208118271 [243 14752 278178225 
209 119083 244148371279 7 
210119897 *245, 149230 28018001 
211 | *120712 ||*246 | 15091 28118091 
212121520 247 2 181817 
213122347 4382776 N 
214123167 1836179 
1215 [123988 184521 
216 Bb. e 0 & | 185425 
'217 |*125634 || * 186329 
Ly 2 *120459 ] 2 [0187234 


319 
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- "THE AREAS OF, THE .- 


„ 


T Te eg 


4 e 
Ld 


nad] Area Jeg. | Height | Area Sep. 
289 18824324 *220404 || 359 | 253590 
*290 189047 [325 | *221340 || *360 |*254550 
291 189955 +326 | 222277 || *361 [255510 
292190864327 223215 || 362 256471 
293 | [191775 [328 224154353 257433 
294192684 +329 | 225093 364 258395 
297 | 103590 || *330 | 225033367 259357 
296194509 [331 . 220974 || 366 250320 
297 195422 *332 | 227915 || 357 261284 
298196337 [333228858 || +368 262248 
299 | *197252 || 334229801 369 263213 
300198168335 230745 37.264178 
301 199085336 231689 371269144 
'302 | '200003 || *337 | 232634 37/2 266111 
'303. | *200922 338233580373 267078 
304201841339 *234526 || +374 268045 
| +305, | *202761 || *340 | *235473 || *375 | 269813 | 
| +30 | 203683 241 [236421376 269982 
30204605 [34 23736937 27% fr 
308 | 205527 [| *343 | 238318 [78 „ 
309 | *200451 [ 344239268379 272890 
310 207376 345240218 [380273861 
1311 208301 *349 241169 381 274832 
312 209227 [347 242121 [382 275803 
4% | 210154 | 349 | 243974 || :383 | *276775 
3 4 | *211082 || *349 | 244026 384277748 
*315 |*212011 || 350] 244980 [385 [278721 
1316212940 3512459343860 279694 
317213871352 246889387 280668 
18214802 353 247845 [388 287642 
319 215733 354 248801 [389 282617 
32216666355 240757 [39 283592 
321 2175990 356250715 (391 [284568 
322 218533 [357251673392 286544 
*323.) *219468 | 358 — 1 393 — [ 


SEGMENTS OF A CIRCLE. 


321 
Height Area Seg. 1 Height Area Seg. Height Area Seg. T: 
394 287498430 322928466 358725 
395 288476 431323918 [46359723 
396289453432 324909 468360721 
397 290432 433 3299800469 361719 
398 291411 434 326892 [ 470362717 
399 292390 435327882 [471363715 
400 293369 [ 436328874472 364713 
401 294349 [437329866473 365712 
4.492 296330 438 330858 474366710 
403296311439 331850 || *475 | +367709 | 1 
404 '297292 || 4440 | 1332843 || :476 | 368708 
| +405 | *298273 || +441 | 333836 || 4477 36970 
406 299255 || +442 | 334829 || +478 | 370%06 
+407 | 300238 [443 335822 * 371705 
408 301220 || +444 | 336816480 372704 
409 302203 44% 337810 [481373703 
410103187 [446 338804 [482 374702 
| *411 | $304171 [447339798 || *483 | 375702 
| +412 | *305155 || +448 340793 [484 376702 
4 +413 | *306140 || 449 341787 [485 377701 
| e414 | 307125 || 4450 342782 +486. | -378701 | 
41308110 [| *451 | 343777 [487 37970 
| 416. | *309095 || 452344772 [488 +380700 | 
| *417.-| *+3100B1 || *453 | *345708 489 381699 
418311068454 346764490 382699 
419 3120544554775 40% |.*383699 | 
420 7313041 || *456 | *348755 || *492 | 384699 
421314029 [457 ][ *349752 || *493 385699 | 
422 315016 458 | *350748 || 494386699 
423 316004 459 3517745 || *495 | 1337699 
424316992 460352742 [496 388699 
431754653739 [4 389599 
426318970 [462354736 [498 390599 
427319959463 355732 [499 391699 
428320948464 2567/30 [500 1 
*429 | *321938 || *465 | *357727 If 
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IN the haben table, ad number-in * column 
: | of area /eg. is the area of the circular ſegment whoſe 
height, or the verſed fine of its half arc, is the number 
immediately on the left of it, in the column of heights ; 
| 758595 diameter book, the circle being 1, and its whole area 
1152 1 uſe of this table i is to find, by it, the area of the 
ſegment of any other circle, whatever be the diameter, 
| And this is done by firſt dividing the height of any pro- 
"poſed ſegment by its own diameter, and the quotient is 
a decimal to be ſought in the column of heights, and 
againſt it is the tabular area to be taken out, which is 
Hanes to the propoſed ſegment. "Then this tabular area 
be 1 by the ſquare of the given diameter, 
wil de the area of your ſegment required ; becauſe ſimilar 
1 are to NE other as 72 A en of t their diameters, 


EXAMPLE. 


F 80 if ir be required to find the area of a ſegment of a 
* whoſe height 1 is 34, the diameter being 50. 

| Here 50) 3*25 ( *065 quot. or tab. height, 

* and the tab. * is 021659 

|. 85 which r by 2500 the ſquare of the dam. 
CT. 


.... 


5 5 gives. 4k I 3 — 147500 the ara required. 
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But, in dividing the given height by the diameter, if 
the quotient do not terminate in three places of decimals 
without a fractional remainder, then the area for that 
fractional part ought to be proportioned for, thus : Hav- 

ing found the tabular area anſwering to the firſt three 
decimals of the quotient, take the difference between it 
and the next following tabular area, which difference 
multiply by the fractional remaining part of the quotient, 
and the product will be the correſponding proportional 
part, to be added to the firſt tabular area. 


So if the height of a a R W were 335 to the 


diameter 50. 
Here 50 ) 31 0 0665 Then 
to +066 anſwers 0221 „ 
the next area is 022652 : 


their Aifference is 18 $ 498 13-34 34% 
3 of which is Ns 


which added to 022164 0325 > 


* "Hives the whole tab. area 022386 [LIE PTY 


| 

| And mult, by | 2500 

ö — — Ee ES tg 

| IL gives the area 5965 ſought, © : 
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| Books by the bas Auron, lately publilued. 


| 1. FATEEMATICAL TABLES, containing the Com - 

mon, Logiſtie, and - Hyperbolic Logarithms. 
Allo Sines, 2 Secanty, and Taths n &c. 
gv. Price 148 in Boards. 


2. MensUzATION both in Theory and practice, gro, 
0 the ſecond Edition, much enlarged. 10s 6d, 


3. A 8Y$STEM OF PRACTICAL ARITHMETIC, AND 
BOOK-KEEPING, both by Single and $2 aa Entry, for 
the Uſe of Schools, 2s 6d. 


Pos 


4. ARE To Tus BIN og containing the So- 


A 1utions, at full Length, of all the Queſtions propoſed 


in the A N For the Uſe of eren and 
others 


0 
g 


g. Tax MATHEMATICAL PARTS OF r ALL THE —— 
: W from the beginning. z vols. 158. 


6. Tux POETICAL PARTS OF THE bis DIARIES» 
2 Vols. 9s. 


7. MATHEMATICAL MISCELLANY- 58. 


8. Tegen MATHEMATICAL AND PHILOSOPRICAL, 


9. Tun Fatncfrzns OF * BRIDGES. 8. 286d, 
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